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UNITED STATES ENVIRONMENTAl PROTECTION AGENCY 

WASHINGTON, D.C. ZD460 

MAY 2 0 I~ 

006718 

MEMJRANDUM 

subject: Atrazine - Submission of Toxicity Studies to Fulfill the Requirements 
Outlined in the Reqistration Standard. Submitted by Ciba-Geigy 
corporation December 27, 1~87. 

To: 

Tox. Project Nco: B-0320 Tex. Cham. No.' 63 

Robert Taylor/Cynthia Giles 
Pr·oduct Manager ii25 
Registration Division (TS-767C) 

From: Judith w. Hauswirth, Ph.D. ~ uJ. -4~/~N 
Section Head, Section VL r - q I'~ I~ 
Toxicoloqy Branch/HE!:! ('NJ-769C) , / '•-' • 

Thru: Theodore M. Farber, Ph.D., Chief 
Toxicoloqy Bran~h/HED (TS-769C) 

/tr• ,. 7, .• 
-~. ,,;u/(~/ 

Action Requested: Review toxicity ana metabo:ism studies to fulfill the 
requirements outlined in the Atrazine registration standard, 

Conclusions/Recommendations: 

The DER's for each of the following studies are attached. 

1. Two Generation Reproduction Study; Study No. 85~063 

Parental NOEL • 50 ppm 
Parental LEL u 500 ppa baaed upon decreased body weights, body weight 

gain, and !cod consumption in both parental males and 
feaalea throughout the study. In addition, the increase 
in ~lativa tastes weights seen in parental males could 
be treataent-relatcd since it waa seen in both qenerationa. 

Reproductive M:IBL • 10 ppm 
Reproductiva L~ • SO ppm baaed upon decreaaed body weights of pupa of 

the second qeneration on postnat~l day 21. 

Core Classification: Core - Minimum 

2 • MOuse Oncogenicity Study; Study No. !142120 

Atra~ine waa not oncogenic in the CD-1 mouae. The doaa~ level& selected 
for test were adequate to determine the oncogenic potentilil of atrazine. 
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NOEL a 300 ppm (45 mg/kg/1ay) 
LEL z 1500 ppm (225 mq/kq/day) based upon decreases of 23.5\ and 11.0\ 

in mean body weight qain found at 91 weeks in male and female mice, 
respectively and an increase in the incidence of cardiac thrombi in 
female mice. 

Core Classification: core - Guideline 

3. Chronic (52-week) Feeding Study in the Dog1 study No. 852008 

NOEL • 15 ppm (0.48 mg/kg/day) 
LEL a 150 ppm (4.97 mg/kg/day) based upon statistically significant 

decreased P-II waves in females at day 175 of study and cardiac 
toxicity seen in two male dogs. 

At the HOT (1000 ppm), EKG alterations such as increased heart 
rate, decreased ~-II values, atrial premature complexes, and atrial 
fibrillation and moderate to severe cardiac lesions (dilatation 
of the right atrium, atrophy and myelosis) were observed. 

Core Classification: Core - Minimum 

4. Dermal Absorption Studies 

study No.: ABR-83005 

Core Classification: unacceptable. Atrazine was applied in ethanol, 
not the field solvent, and the application site was not covered allowing 
~terial to flake off, In addition, the report was very poorly written. 

Study No.a ABR-87098 

Core Classification: Acceptable. Atrazine in 4L formulation is 
absorbed in rel~tively small amounts through the akin. Typical values 
at~ 2.00, 0.53 and 0.26\ for 10 hour exposures to doses of 0.01, 0.1 
or 1.0 mg/cm2. Significant quantities remain on the skin aft&r washing 
with soap and water (24.87, 21.10 and 10.49\), No significant differences 
in abao~tion were obaer~d between the 4L and BOW formulations tested at 
1.0 mg/cm2 for 10 hours. The data indicate that absorption is approaching 
saturation at the hiqh dose. 

Study No.: ABR-83081 

Core Classification: Unacceptable. The solvent tetrahydrofuran was 
used to dissol~ atrazine for dermal application. It is not stipulated 
by the registrant whether tetrahydrofuran is the solvent used for field 
application. The dermal site of application waa not covered by a 
material that prevents the teat substance from flaking off the akin. 

/ 
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S. Metabolism Studies in the RAt. 

The following study nur·.be·,·s were submitted by the regie~trant to 
fulfill the requirement for a metabolism stu<ly in the rat: 

ABR-87116 
ABR-87048 
ABR-87087 

AG-520 
ABR-85104 
ABR-87115 

These studies taken together are sufficient to show that in the female rat 
dechlorination of the triazine ring and N-dealkyllltion are the major 
metabolic pathways. Oxidation of the alkyl substituent& appears to be a 
minor and secondary metabolic route. The total body 1/2 life is approximately 
one and one half days. Atrazine and/or its metabolites appear to bind to 
red blood cells. Other tissue accumulation does not appear to occur. The 
major route of excretion appears to be the urine in both male and fe~le 
rats. One study indicated that approximately 75\ of the administered 
radioactivity was excreted in the urine and approximately 20\ in the feces 
ot male and female rats given one oral dose of either 1.0 or 100.0 mg/kg 
atrazine or 1.0 mg/kg for seven days sub Q. However, in another study when 
a single oral dose of 100.0 mg of atrazine was given to female rats approxi­
mately 50\ of the administered radioactivity was round in the urine and 50' 
in the feces. 

The follo~ing must still be addressed by the registrant, concerning the 
metabolism of atrazine in the rat: 

1. Identification of fecal metabolites in the male and female rat. 
2. Identification of urinary metabolites in the male rat unless an acceptable 

rationale can be given th~t the male and female produce the eame metabolites. 
J, AI• explanation for tne differences obtained in the percentage elimination 
of radioactiviy in the faces and urine of female rats given a single oral 
dose of 100 ~g/kg of atrazine1 the ratio was 70:25 (urine vs. feces) in one 
study and 50:50 in another study. 

JV 3 
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Revie~1ed by: Judith w. Hauswirth, Ph.D., Section Head 0~ W ~~ 
Section VI, Tox. Branch !TS-769C) l tf/:u;ru: 

UATA EVALUATION REPORT 

STUDY TYPE: 2-Generation Reproduction Study 
(83-4) 

MRID NO.: 404313-03 

TEST MAT~RIAL: Atrazine 

TOX, CHEM. NO.: 63 

SYNONYMS: 2-·Chl oro-4-ethyl ami no-6-i so propyl ami no-_!-triazine 

STUUY NO.: 852063 

~PUNSUR: Ciba-Geigy Corp., Agricultural Division, Greensboro, NC 27419 

TESTING FACILITY: Research Department, Pharmaceuticals Divison, Ciba-
Geig.Y Corporation, Summit, NJ 0.'901 

AUTHORS: J Mainiero, M Youreneff, ~iLA Gikn1s and ET Yau 

REPORT ISSUEU: November 17, 1987 

CONCLUSION: Parental NOEL • 50 ppm 
Parental LEI. " 500 ppm based upon decreased body weights, body 
weight. gain, and food consumption in both parental males and 
females throughout the study. In addition, the increase in relative 
testes weights seen in parental males could be treatment-related 
since it was seen in both generations. 

Reproductive NOEL " 10 ppm 
Rep~oductive LEL • 50 ppm based upon decreased body weights of 

pups of the second generation on postnatal day 
21. 

CORE CLASSIFICAI'ION: Core - Minimum 

A. MATERIALS: 

1. Test compound: Atrazine, Technical, Batch FL 841802. White 
powder. Purity not s~ecified but stated to be on record at 
Ciba-Geigy Corporation, Greensboro, NC. 

2. Test animals: Species: rat; Strain: C:harles River (CRCD, YAF/ 
PLUS) from Charles River Laboratory, Ltd., Kingston, NY; Age: 37 
days; Weight: males, 177-219g and females, l40-176g; animals were 
quarantined for one week. 

4 
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6. STUDY DESIGN: 

1. Animal assignment: According to the report, "One hundred twenty 
male and one hundred twenty female rats from the acclimation colony 
were randomly assigned a TEROS~ temporary animal identification 
number and at the same time were randomly distributed into 4 
treatment groups ••• " Permanent numbers were assigned when the animals 
were found acceptable for the study. 

2. Experimental design: Male rats were placed on the control and test diets 
at 47 days of age and females at 48 days of age. They were maintained 
on these diets for a period of 10 weeks prior to mating. Males and 
females were housed together in a 1:1 ratio for mating. They were allowed 
a three week period for mating and were separated once evidence of m~ting 
was seen. One litter was produced in each generation. Aff:er 
weaning of the last l~tter of the first generation, thirty males and 
thirty females were selected for the second parental generation. The 
remaining male parental animals were sacrificed on days 113-114 of the 
study, The remaining female parental animals were sacrificed on days 
133-134 of the study. 

Animals selected for the second parental generation 
were exposed to test diets for 12 weeks prior to tnating, Mating was 
conducted in the same manner as for the first generation. Parental 
males were sacrificed on day 138 of tt1e study and parental females on 
days 138, 139 and 152 after weaning of their litters. 

3. Test diet: Atrazine was mixed with Purina #5002 Cert~fied Rodent Chow. 
The concentrations used were 0, 10, 50 and 500 pp1n. Diets containiny 
10 to 3000 ppm atrazine were found to be stable at room temperature 
for at least 40 days. Periodic homogeneity analyses were performed 
and atrazine concentrations were found to be 93-105' of the expected 
values, 

4. Statistics: Statistical methods can ~e found in Appendix 1 (Section 
2.13 of the report). 

5. A signed quality dssurance statement was included with the study report. 

C. METHODS, RESULTS, AND DISCUSSION: 

1. Parental aniruals: 

a. Observations: Animals were observed once daily for sigr.s of 
toxicity and twice daily for mortality. No treatment-related 
clinical signs were seen in either parental generation. Alopecia 
and sore(s)/scab(s) were c~nmonly seen in all groups including 
the controls. 

At the levels tested, atrazine had no effect on mortality in either 
parental generation. 

5 
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b, Body weights: Body weights were determined wee~ly ~nd at 

termination for males. For females, body weights were recorded 
weekly during the premating phase, on days 0, 7, 14 and 20 of 
gestation and on days 0, 4, 7, 14, and 21 of lactation. Selected 
body weight data can be fou~d su~narized in the following t~ble 
for both parental generations. 

0 

19a.4 
198.1 
197.6 
196.0 

167.8 
160.6 
160.6 
146.7* 

158.0 
154.6 
155.2 
154.2 

141.7 
13a.7 
140.1 
127.9* 

Selected Parental Body Weight Data 

Mean Body Wei gilts (g) 

Day 
21 49 

Males, F0 

339.0 44a.a 
338.5 449.a 
33'1 .4 447.a 
309.3* 396.0* 

Males, F1 

337.6 47a.4 
329.6 471.6 
325.2 462.6 
294.7 ... 406.9* 

Females, Fo 

220.a 261.2 
215.2 258.4 
209.a 254.5 
197.5* 231.6* 

Females, F1 

212.0 :?62.a 
216.4 272.1 
212.4 264.5 
193.7* 232.7* 

70 

500.9 
506.9 
501.2 
440.7* 

541.1 
52a.5 
529.6 
459.5* 

261.7 
280.0 
269.9 
243.5* 

2tl7.a 
296.1 
290.4 
251.8* 

Termf nal 

566.3 
577 .a 
567.6 
484 .a* 

642.3 
626.2 
627.4 
540.1* 

-.. 6 
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Body We·i ghts ( Cont' d. i 006718 
Females, Fa (Gestation) Females, F0 (Lactation) 

0 20 0 14 21 

0 289.5 407.0 330.5 354.2 341.3 
10 285.3 415.9 323.5 348.2 333.9 
50 2131.5 410.0 320.8 344.9 331.3 

500 25•J.6* 376.6* 288.3* 319.1* 314.7* 

Females, F1 (Gestation) Females, F1 (Lactation) 

0 302.0 408.4 329.8 347.5 333.7 . 
lU 298.!i 413.4 334.7 344.5 335.3 
50 305.3 418.1 341.4 346.7 333.3 

500 260.8* 370.3* 297.6* 316.9* 315.2* 

p<0.05 

Body weights were statistically significantly lower for both males and females 
fed the diet containing sao ppm atrazine (HOT) throughout the $tudy. Body 
weight gains were also statistically significantly depressed at the HOT. 
At the mid dose (50 ppm) sporadic statistically significant decreases in 
body weight gain wer~ noted. These changes are not considered to be 
related to treatment since they were occasional and very sporaaic. 

c. Food consumption: Food consumption was determined weekly for 
males and females during the premating period and on days 0, 7, 
14, and 20 of gestation for the females. 

Food consumption was statistically significantly reduced for m&les 
and females during the premating period for both parental generations 
and for F1 females on days 0-7 of gestation. 

d. Sacrifice and pl'.thology: All parental animals were subj~:cted 
to gross pathological examination. The testes and ovaries were 
weighed. The following tissues were collected for microscopic 
exuination: 

vagina 
testes 
prostate 
gross lesions 

cervix 
epididymides 
pituitary 

ovaries 
seninal vesicles 
caagualtion gland 

Ti$Sues from the control and high dose group were examined 
microscopically as well as all gross lesions. 

1) Organ weights: There were no treatment-related effects on 
ovarian weights. Relative but not absolute testes weights 
were statistically significantly increased at the HOT 

7 
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in parental males of both generations. The study authors attributed th~s change 
to decreased body weight gain at this dosage level, 

2) Gross necropsy: No treatment-related effects were seen in 
either generation. 

3) Histopathology: No treitment-related effects were seen in 
either generation. 

2. Reproductive effects: 

a. Pup weights: Mean pup weights per litter were recorded on 
lactation d~ys 0, 4, 7, 14, and 21. Selected overall mean p~p 
weights for each dosage group ar.d each generationn are showu in 
the following table. 

Mean Pup Weights (g) 

F1 Generation Oay 

Dosage Group (ppm) 0 4 
(pre· culling) 

7 14 21 

0 6.42 9.11 14.43 31.00 49.R7 
10 5.99* 8.10* 12.95* 28.31* 45.09* 
50 6.17 8.56 13.54 29.87 47.23 

500 6.30 8.74 13.43 29.27 4o.l7* 

Fz Generation 

0 6.38 9.32 14.01 29.32 47.75 
10 6.02* 8.75 13.39 28.26 44.55* 
50 6.23 9.02 13.66 28.33 43.77 

500 6.22 8,99 13.28 28.06 42.99* 

A p<Q,Qfj 

For the F1 litter, there was a statistically significant decrease in pup body 
weights at the luw dose (10 ppm) at all time periods recorded. Since this 
effect was not dose-related, this reviewer does not consider it to be due to 
treatment. Th~ statisically significant decrease seen at the high dose at 
day 21 in body we~ghts 1s also not conside:red, by this reviewer as well as the 
study a~thor, as treatment related since it too is not dose related. 
However, fn the Fz generatioln, the statistically significant decrease in 
pup body weights at day 21 in the mid and· high dose are considered to be 
treatment-related by this reviewer, since there appears to be a dose-related 
effect on pup body weights at this time period and in this generation. 

b. External observations of pups during 1<. ;tJ~ ion: Pups were 
observed daily during lactation. No treatment-related effects 

8 
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were seen. 

c. sacrifice ~nd necropsy of pups: Pups culled on postnatal day 4 
were subjected to gross necopsy as were 40 randomly selected F2 
pups on day 21. No treat~cnt-related findings were noted. 

d. Other reproductive parameters: The following reproductive 
paramenters were studied: number of viable litters, litter size, 
stillbirths, sex ratio, surival indices, m11le and female fertility, 
male and female mating index, number of pregnant females, 
number of implantation sites, number of viable newborr.s and 
post-implantation lo~s. None of these parnmeters was affected 
by treatment (see Appendix 2, Tables G.G.3., 6.6.4., 6.8.1,, 
6.14.3., 6.14.4., and 6,16.1. taken from the study report}, 

C. ·CONCLUSIONS: 

Atrazine at dietary levels of 10, 50, and 500 ppm had no effect on the 
reproductive parameters studied; however, pup weights at postnatal day 
21, second generation were statistically significantly lower than those 
of the control group at 50 and 500 ppm. The significance of these body 
weight effects could have been better addressed if two litters had been 
producad in each generation. In the absence of this information, the 
reduced pup weights at this time point are consf•Jered to be treatment­
related, 

Body weights, body weight gain and food consumption were statistically 
significantly dP.creased for parental animals, males and females, through­
out the stuay at the HOT. These are considered to be treatment-related 
effects. In addition the statistically signif:~ant increase in relative 
testes weights could be treatment-related, since this effect was seen in 
both parental gene1~tions. 

Parental NOEL s 50 ppm 
~arental LEL = 500 ppm ba~ed upon decreased body weight, body weight gain, 

and food consumption for parental animals throughout the 
• study. In addition, the increase in relative testes weights 

could be treatment-related, since this effect was seen in 
parental males of both generations. 

Reproductive NOEL • 10 ppm 
Reporduct1ve LEL = 50 ppm based upon decreased body weight of pups on postnatal 

day 21 in the second generation. 

D. CORE CLASSIFICATION: Core-Minimum 

- v . 9 
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Ap:>endix 1 
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2,13. Statistical Procedures: Statistical aualyaea were perfor.ed 
aa·iD4icated below or 11 indicated in tba indivi~ual reports fr~ Reaearcn 
Statistic• Ser.vices: 

Statistical AA'ly1e1 and Refer•ucea 006718 
1) Paracaten: 

Statiatical Metnods .' 

Statiatical Metnod~: 

3) Pu-ter: 

Statiatical H .. thoda: 

Parental Hody Waiaht, Body Waiaht 
Gain, Feed Conau.ption, Abaol~te and 
Relative Oraan Weiaht. 

One•way AAalyaia of Vari~nce (AMOVA, 
Snedecor and Cochran, 1968), Bartlett'• 
Teat for Hoaoaeueity of Variance (Sue­
decor and Cochran, 1968) and Duuuett'• 
Method.of Multiple Coaparisoua between 
control aud tr~r!-.ut aroupa (Duuuett, 
1955, 1964). StatiQtically li&uificaut 
diff~reucea batWIIn treataeDt a:onp• 
(e.a. lOW dOll VI. niah•dOII &roup) 
are uot diacuar;ed. · 

The calculation~ derived fro• the ANOVA 
~te .-ployed in tne aubaequeut Bartlett'• 
and Duuuett'a Ta1t1. The priaary focn• 
of theae aualyaea i1 on tne ceaulta of 
the Duunett'J coap~-~•oua between the 
control sud each of tne treated &roupa. 

Precoital Interval, aaterual aer.tatiou 
·duration, t.plantationa, atillbirtha, 
poat•t.plautation lo~a, I poat·t.plan• 
tation loaa, aurvival indicel, fertility 
indicea and pup aex ratio& (I aale1) 

Re~or to tne Reaearch Statiatica 
Service& report• located in Appendical 
7.4.3. and 7.6.6. 

F1 and Ez ~neration pup body weianta 

Healy Analyaia (Healy, 1972) 

In aeneral tne values presented in tne tablea (see Section 6) are 
vita·outl~era included. If atatistically aiauificant effect& reault fro• 
reaulyais vitn the outlier• ••eluded, tnen tn.ae values are preaented iu 
w tablea. 

2.14. Floatina point aritbletic and rouudiua 
were uaed in ~o~utationa al il~uatrated in :he 
followiua ex~le. 

Tu..os1 Re2orta 
Par-ter Data Raw Indiviclual Derived Statilticnl 

Data D~ota Mea us Reporta 

Body Wcipt 230 230 230.00 230.46 230.4643 
Car ... ) 

Utariue \leipta 12.22 12.2 12.2 MA MA 
Car ... ) 

Feeder Weipt/ 40J 400 20.4 20.4S 20.4S4S 
Couuaptiou 

11 
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Appendix 2 
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Atrazine Technical 
. lflll 852063 
A Two Generation Study in Rats 

Paraaeter 

Nu.ber of preanant feaales 

Nu.ber of viable littersd 

Nuaber of iaplantation sites 

Nu.ber of stillbirths 

Nuaber of viable newb~rns 

Post-iaplan~ation lossb 

1 Post-iaplantation loss b· 

TABLE 6.6.3. 

Su.aary of the Fo Generation Reproductive Paraaeters 

(Mean ± Standard Deviation)• 

Dieta!l Level (2J1•) Control {0} 10 50 

29 28 26 
28d 28 26 

Il •. 28 ± J .53 15.68 ± 2.09 15.38 ± 3.11 • c 
0.25 ± 0.44 0.23 ± 0.51 0.26 ± 0.$3 

13.19 ± J.58c i5.04 ± 2.05 14.96 ± 2.13 
1.59 ± 1.58 c 1.04 ± 1.26 0.96 ± 1.28 

13.08 ± 20.00 6.41 ± 7.66 5.35 ± 6.87 

• 

500 

26 
25d 

14.88 ± 4.03 

Q.35 ± 0.69 

13.65 ± 4.55 

1.42 ± I. 92 

11.47 ± 20.70 

aAlthousb aeans and standard deviations are reported. lhe actual statistical analysis is based on 
non-paraaetric aetho~s. See Appendices 7.6.3. and 7.10.4.2 •. 

~n the nuaber of viable pups eJ:ceeded the nuaher of i~lants. the post-i~~plantation loss was ':alculated 
as zero to ensure aeaninaful biolosical interp~tation of the statistical analysis. 

cNu.ber of daas eJ:aained = 27 

dControl feaale No. 1722 did not deliver a litter but was found to have 3 uterine i11plantation sites at 
n_ecropsy. 

500 ppa feaale No. 4720 - delivered only 2 stillborn pups. 

H7/60 (Kill 852063} 
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Atrazioe Tecbaical 
"IIf 852063 
A Two Generation Study in Rats 

TABLE 6.6.4. 

Su..ary of tbe Fo Generation Reproductive and Fertility Indices 

Proportions (Percents) 

Dieta!I Level <1!1!!!!) Paraater Control (0) 10 50 
Feaale fertility 29/30 (96.7) 28/30 (93.3) 26/30 (86.7) 
Feaale .atina index . 30/30 (JOO) 30/30 (100) 30/30 (100)" 
Gestation iidex 28/29 (96.6) 28/28 (100) 26{26 (100) 
&le fertility· 29/30 (96.7) 28/29 (96.6) 26/30 (86. 7) 
&le aatina index 30/30 (100) 29/30 (96.7) 30/30 (100} 

See Appendix 7.6.3. 

H7/60 ("IIf 852063) 
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Atrazine Technical 
MIN 852063 
A Two Generation Study in Rats 

TABLE 6. 8 .1. 

Summary of F1 Litter Size (Day 0 Lactttion) 
Survival Indices and Sex Ratios 

Parameter Control (0) 
Dietary Levels 

10 
(ppm6 

5 

Number of viable litters• 28 (26) 28 26 

Mean litter size 
(day 0 lactation) 13.69 15.04 14.96 

~ean no. stillbirths 0.22 0.25 0.19 

Number of viable males 
(day 0) 166 218 206 

Number of viable females 
(day O) 190 203 183 

Sex ratio day 0 
Lactation.: (~ •aln) 46.6 51.8 53.0 

Survival Indices - Sexes Pooled: 

Mean ~ pupa aurvivins 
day 0·4 (pre-cull) 96.6 96.9 97.7 

Mean ~ pups aurvivinf 
day 4-21 (poat~cull 97.6 91.1 96.2 

soo 

25 

14.20 

0.27 

171 

. 184 

48.2 

gs·. 7 

98.0 

(continued) 
28 viable litters were born, however, Nos. 1704 and 1711 
were excluded due to questionable day 0 lactation date. 
Mo. 1722 - No viable litter 

10 PPII 
50 PP• 

500 ppM 

Mo. 1723 - Not preanant 
Mos. 2719 and 2721 not preanant. 

Nos. 3702, 3705, 3715, •and 3717 not preanant. 
Nos. 4709, 4712, 4718 and 4721 not preanant. 
No. 4720 • delivered 2 stillborn pups. 

See Appendices 7.6.3_., 7.10.2., and 7.10.4.2. 

H7/60 (MIN 852063) ·• ... 15 



Atrazine technical 
111M 852063 
A Two Generatioa Study ia Rats 

Mu.ber of PreJD&nt F~les: 

Mu.ber of viable litters:c 

Mu.lter of i~~p:Uatation aites 

Mu.ber of stillbirths 

Mu.ber of vialtle uewbonsc 

Post-i~~plaatation lossb 

I Post-illplaatation lossb 

TABLE 6.14.3. 

s-ry of F 1 Geaeration Reproduct:ive rara.eters 
(Neaa ± Staadard Deviation) 

Treat.ents hiJIII) 
CODtrol (0) 10 50 

24 18 28 

23 18 28 

12.12 ± 5.18 13.72 ± 3. 71 12.82·± 4.10 

0.50 ± 0.83 0.17 ± 0.51 0.07 ± 0.26 

11.00 ± 4.!17 13.33 ± 2.81 13.43 ± 3.27 

1.2!1 ± 1.46 1.44 ± I. 7!1 0. 75 ± 1.08 

13.97 ± 21.67 IJ. 71 ± 11.86 4.97 ± 7.18 

500 

26 

25 

13.68 ± 3.35 

0.31 ± 0.74 

12.35 ± 4.08 

1.56 ± 2.18 

12.22 ± 20.38 

aAltboush .e .. s a.d staudard deviations are reported, the actual statistical analysis is based on 
aon-par-tric: .ethodl. See Appeudic:es 7.6.6. and 7.10.9.2. 

~~the ...her of viable pups ezceeded the uu.ber of i11plants, the post-~laatation loss was calculated 
~ as zero to eDSRre .eaniaaful biolosical interpretation of the statistical aaaly~is. 

CCoatrol: r .... le Jo. 1755 did not deliver a litter but was found to bave one uterine i.plantation site at 
aecropsy. 

500 ,.: F~le Jo. 4738 did not deliver but was found to have 10 uterine i8plantation sites at necropsy. 
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Atrazine Techaical 
!III 852063 
A Two Generatioo Study in Rats 

TABLE 6.14.4 . 

. s.i..ey of f1 Generation Reproductive and Fertility".Iodices 

Proportions (percents) 

Par-ter Cootrol {0} 
Treat.ent& ~~) 

10 ,. 50 pptl 

Fe.ale fertility 24/28 = (85.7) 18/26 = (69.2) 28/30 = (93.3) 

Feaale .atiaa index 28/30 = (93.3) 26/30 = (86. 7) 30i30 = (100.0) . 

Gestation iadu . 23/'1.4 = (95.8) 18/18 = (100.0) 28/28 = (100.0) 

!!ale fertilhy 24/28 = (85.7) 18/26 = (69.2) 28/30 = (93.3) 

!!ale utina indell 28/30 = (93.3) 26/30 := (86. 7) 30/30 = (100.0) 

See Appeadill 7.6.6. 

500 pr-

26/29 = (89.7) 

29/30 = (96.7) 

25/26 = (96 .-2) 

26/29 = (89. 7) 

29/30 = (96. 7) 
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Table. 6.16 .1. 

Summary of F2 Litter Size (Day 0 Lactation), Survival 
Indices and Sex Ratios 

Parameter Control (O) 
Dietarb Level Cgpm) 

1 5 

Number of Viable Littersa 23 18 28 

Mean litter size 
11.5b (day 0 lactation) 13.3 13.4 

Mean no. stillbirths: o.5oc 0.17 0.07 

Number of viable males (day 0) 131 114 182 

Number.of viable females (day 0) 133 126 194 

Sex ratio day 0 (\ males) 49.6 47.5 48.4 

Survival indices - Sexes pooled: 

Mean \ ~uys surviving 
days o- pre-cull): 89.6 98.7 97.1 

Mean \ ~ups survivinJ 
days 4- 1 (post-cull : 96.6 98.6 99.6 

006718 

sou 

25 

12.8 

0.31 

150 

171 

46.7 

99.5 

98.4 

(continued) 
8 Contr~>l ==.Mos. 1731, 1741, 1740i 1746, 1758 and 1759 not pregnant. 

No. 1755 • no viable itter uterine implant observed at 
necropsy. 

bsee Appendix 7.6.6., Table F 
cse~ Appendix 7.6.6., Table C.l 

10 ppm= Nos. 2732J 2736l 2739, 2741, 2742, 2745, 2746, 2747, 2748, 
2750, 275l, 2751 - not pregnant. 

50 ppm= Nos. 3742 and 3758 · not'pregnant. 
500 ppm = Nos. 4740, 4742, 4753 &nd 4758 · not pregnant. No. 4738 • 

no viable litter · 10 uterine implant• observed at necropsy. 

See Appendices 7.6.6., 7.10.7., and 7.10.9.2 ~ 
H7/60 (MIN 852063) I~ 
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Reviewed by: Sanford w. Bigelow, Ph.D. /tf{1/) ·~j ~ ·.f"·7 
Section VI, Toxicology Branch (TS-769C) )''' · . 
Secondary reviewer: Judith w. Hauswirth, Ph.D. 
section VI, Toxicology Branch (TS-769C) ~ ~.~~~~<t, 

,,/'1.~/~ 

DATA EVALUATION' REPORT 

:!:. StDIJIARY: 

STVDY TYPE: oncogenicity - mouse (83-2) 

ACCESSION NYMBERI 

TEST MATER~: Atrazine 

CASWELL NO: 63 

MBIP NO.: 404313-02 

SYNONYMS: ~-Chloro-4-ethylamino-6-isopropylamino-~-triazine 

STUPY NQMBER: 842120 

SPONSOR: CIBA-GEIGY Corp., Agricultural Division, P.O. BOX 18300 
Greensboro, NC 27419 Thomas Parshley, Regulatory 
Specialist (919) 292-7100 X7207 

TESTING FACILITY: 

TITLE OF RIP.QBt: 

Division of Toxicology/Pathology, Ciba-Geigy 
Corp., Summit, NJ 07901 

Atrazine - technical: 91-week oral 
carcinogenicity study in mice. 

AUTHORS: J.R. Hazelette, Ph.D. and J.D. Green, Ph.D. 

REPORT ISSUED: October 30, 1987 

CQNCLQSIQNS1 Atrazine was not oncogenic ~o tha CD-1 strain of 
mouse under the condit:l.ona of thb assay. 

KOBL • 300 liPil (45.0 aqjkq) 
LBL • 1500 ppa (225.0 aqjkg) baaed upon the effects found in 

male and female mice. The NOEL and the LEL ware determined on 
the following bases. The LEL of 1500 ppm was baaed upon 
dacreaaea of 23.~t and ll.Ot in mean body weight gain found 
at 91 weeks in male and female mice, reapact~.valy. AlaCI, an 
increase in the incidence of cardiac thrombi was found in female 
mice in the 1500 ppm exposure group. Nona of the above effects 
ware found at 300 ppm, thus the NOEL for atrazina in mica was set 
at 300 ppm. 
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At the highest exposure level, 3000 ppm, atrazine e~osure 
in both sexes of mice caused: 

l) a decrease in the mean body weiqht gain at 12 and 91 
weeks, 

2) a decrease in food consumption rates, 

3) an increase in the incidence of cardiac thrombi, 

4) a decrease in erythrocyte count, hemoglobin 
concentration and hematocrit, and 

in female mice only, atrazine exposure caused: 

l) an increase in mortality, 

2) a decrease in mean brain an~ kidney weights, and 

3) decreased percentages of neutrophil• and lymphocytes. 

Classification: core-guideline: This classification is 
baaed on the fact that the methodoloqy requirements establinhed 
in the Pesticide Assessment Guidelines, Subdivision F 183-2 have 
been satisfied. 

20 
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II. MATIRI!I§: 

A. Test compound: atrazine 

Description: atrazine, technical-grade 
Batch •= 841802 

006718 

Purity: The purity of atrazine used in this study was 
not given. 

B. Test Animals: 

species: Mouse 
Strain: CD-1 [Crl: CDl (ICR) BR] 
Age: about 5 weeks 
weight (mean, in grams): females: 

(at week 0) males: 
Source: Charles River Laboratories, 

IIL, STUDY DESIGN; 

A. Animal Assi.qnment: 

21.0 ± <20% 
26.8 ± <20% 
Kingston, NY 

Animals were assigned randomly to the following test 
groups: 

Table 1 
Animal Assi~ent in this Study 

Dose in Main StUd:i !4<;st number 
Test diet 91 waeks of treatment 
Group CppJtl male female Wllkl 

1 Control- 59 60 91 
2 Lowl (LDT1) 10 60 59 91 
------------------------------------------------------------3 Low2 (LDT2) 
4 MicU (MDT1) 

300 
1!500 

60 
60 

60 
60 

91 
91 

------------------------------------------------------------!5 High (HOT) 3000 !58 60 91 

Upon arrival from Charles River Laboratories, all mice were 
quarantined for 2 weeks for observation prior to initiation 
of atrazine eXposure. Atrazine feeding sta~ted October 31, 
1984 and ended August 22, 1986. 

21 
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B. piet Preparation: 

The diet containing atrazine was prepared within 2 
weeks before initial atrazine exposure and thereafter, 
about every 3 weeks, Every lot of feed containing 
atrazine was used within 3 weeks of preparation. The feed 
was stored at room temperature, and on several occasions, 
at r,~frigerated temperatures. The feed was analyzed for 
concentra~ion andjor homogeneity on ~tieks 5, 9, 13, 17, 21, 
29, 33, 37, 41, 45, 49, 60, 6b, 76, 84, 92 and 94. This 
analysis was performed in the Toxicology/Pathology 
Administration and Technical Operations Section (of Ciba­
Geiqy in summit, NJ) prior to use. 

Analytical results: These admixtures were reported to be 
stable for a~ le~st 40 days at room temperature. 
Analytical results state that storage at room temperature 
caused less than 10% variation in the stability, 
homogeneity or concentration of atrazine in the laboratory 
chow. 

The drinking water (tap water) was analyzed 
periodically according to the standard operating procedure 
of the Safety Evaluation Facility and was found to contain 
no detectable levels of contaminants. 

Feeding schwdula: 
Purina Rodent Chow 
the 91 week study. 

c. statistics: 

Animals received food (called certified 
*5002) and water ~ libitum throughout 

The following statistical procedures were utilized in 
analyzing the numerical data: 

The Barl•tt•s test was conducted for determining 
homogeneity iu variances (presence of a normal 
diatribution) between treatment groupa. If the variance 
waa found to be similar between groups by the above teats, 
Dunnett's t••t• were conducted to compare value• of the 
control and treatment groupe, 

When outliers (or heterogeneous variances between 
groups) were identified, supplemental atatiatical analyaea 
were performed. E·:camplea of these supplemental atatbtical 
analyses were: (1) the uae of an appropriate 
transformation of the data or (2) nonparametric teata. In 
addition, several teat results that are known not to be 
diatributed normally were analyzed with the use of 
nonparametric tests. 

22 



006718 
5 

concerning the pathology data sets, if their sample 
size was found adequate, these data were analyzed for each 
sex by the Fisher's exact test. Tumor incidences were 
analyzed by a time-adjusted analysis by Peto•s method. 
Statistical differences for survival curves between 
treatment groups for each sex were examined by the use of 
the following statistical methods: (1) the generalized 
Wilcoxon test for equality, (2) the Mantel-Cox logrank test 
equality and test for linear trend, (3) nonparametric tests 
and (4) Kaplan-Meier estimates. 

D. 2YAlity Assurance: 

A signed quality assurance statement was provided by a 
quality assurance inspector. Ac~ording to the statement, 
the study was audited sixteen (16) times during the course 
of the study. 

23 



006712 
6 

IV. METHODS AND BESULT:i: 

A, clinical Observations: 

Anim~ls were inspected twice daily for mortality and 
once daily for general appearance, behavior and excreta. 

Viral screens were performed on 6 male and 6 female 
mice taken randomly from the colony 2 weeks before 
atrazine feeding began. The presence of the following 
viruse1; were checked: minute vh·us, pneumonia virus, 
rnovirus (type 3), hepatitis virus, K virus, murine 
encephalomyelitis virus, Sendai virus, lymphocytic 
choriomeningitis virus, adenovirus, ectromelia virus, 
polyolt'.a virus and mycoplasma pulmonis. 

Toxicity/mortality Csuryivall results: A totQl of 301 of 
the 596 mice used in the study died, For female mice fed 
3000 -ppm atrazine, th~tre was a statistically significant 
decrease in survival whereas for males, atrazine exposure 
had n.o statistically significant effect on survival. 

Tabla 2 
summary of Mortality 

(taken from p. 41) 

Sex:. Ma),§!s [II!IIJ.Qs 
Group #: 1 2 3 4 5 1 2 3 4 5 

Dose (ppm): 0 10 300 1500 3000b 0 10 300 1500 3000 
# of mice: !\9a 60 60 60 58 60 sga 60 60 60 

Reason for stcrifice: 

Found dead: 20 18 16 18 17 27 32 27 29 39 

Sacrificed moribund: 4 gc a 3 6 7 4 7 4 6 

Terminal sacrifice: 35 33 36 39 35 26 2~ 26 27 15 

' survival at term: 59 55 60 65 60 43 39 43 45 25d 

4 Two mice were deleted due to misidentification. 
b Two mice in group 5 (3000 ppm) were mis-sexed, and therefore thei~ 

data results were deleted from reporting, 
~ One mouse in Group 2 (10 ppm) escaped from its caqe and was sacrific~d. 

p < o.o5, generated from a survival analysis with the use of 
Mantel-Cox L•)qrank test. 
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Clinical Results: There were no tre<~ment-·related clinical 
signs observed duriny the study. Clinical signs most 
frequently observed wera: lesions, alopecia, scabs, 
perineal stains, fur stains and dermatitis in all groups of 
mice. No treatment-related changes in the incidence of 
palpable masses occurred during the study. 

B. Body weight: 

All anim~ls were weighed weekly for weeks 1-12, 
biweekly during weeks 14-25, and at 4 week intervals 
thereafter. 

Results: Doss-related reductions were observed at weeks 12 
and 91 in mean body weight gain (either % decrease or 
% gain) in both sexes of mice who wer•l exposed to chow 
containing 1500 ppm or 3000 ppm atrazine. Table 3 shows 
the changes in mean body weight gain at weeks 12 and 91 in 
mice fed atrazine. At week 12 males exhibited decreases of 
14.2% and 10.4% in mean body weight gain in the 10 ppm and 
300 ppm exposure groups, respectively. This effect appears 
to be trwnsient in nature because it is not observed at 91 
weeks at the same magnitude. 
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'l'able 3 
Mean Body Weight GAin Changes in Micg Fed Atrazine 

(taken from Table 8.3) 

Wtak 12 Week 91 
Dose Gain Cql 
Cppml 

% Decrease4 t GainD 
Cincreasel 

Gain Cql t Dec~easea \ GainD 
Cincreasel 

Mala a 

0 10.6 NA 

14.2 

10.4 

39.1 11.5 NA 43.7 

10 1~.3 49.4 

300 

9.1 

9.5 

37.1 

36.1 

26.7d 

23.8d 

10.4 

(15.6) 

9.6 39.5 

1500 7.1 33.0 8,8 23.5 

3000 6.3 40.6 8.7 24.4 
-----------------------------------------------------------------------Fe~~ales 

0 9.1 NA 43.7 13.6 NA 68.8 

10 9.3 (2.2) 44.5 13.0 4.4 

7.4 

64.6 

300 8.5 6.6 40.5 

37,9c 

12.6 

12 .l 

64.1 

1500 

3000 

7. 8 . 

8.0 

14.3 

12.1 

11,0 

37.6° 7.0 48.5 
a The reviewer calculated body weight gain by the following formula: 

t Decrease • 100 _ 
(increase) 

Mean body weight gain rtwwt group> x 100 
Maron body weight gain (control) 

whert: Mean body weight gain • b~dy weiqht (q) for wk 12 (or wk 91)­
bc~y weiqht (q) for wk 0 

The authors of the study calculated t body wtiqht qain by the 
fcllowinq formula: 

t Gain • Body wwiqht Cweek 12 or 9ll x 100 
Body wwiqht (week o) 

c p • ~0.05 and d p • ~0.01, significantly different from control 
group wt;en compartd by the uee of the two-tailed Dunnett t-test 
performed on the raw data. 
NA • Not applicablt 
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c. Food consumption and compound intake: 

Food consumption was determined in all animals on a 
waekly basis during weeks 1-12, biweekly during weeks 14-25 
und at 4 week intervals thereafter. Mean daily diet 
consumption were calculated from these data. The intake 
of atrazine was calculated and is reported below, 
Efficiency and atrazine inta~e were calculated from the 
consumption and body weight gain data. 

Water consumption was measured in all animals on weeks 
1, 2, 52, 53, 90 and 91. [Subdivision F (§83-2, section 7 
part vi) states that water consumption should be monitored 
weekly during the first 13 weeke of a study and then at 4 
week intervals thereafter (p. 121).] 

Food consqmption results: Treatment-related reductions in 
mean food consumption were obaerved in Group 4 males (1500 
ppm) and Group 5 males and females (3000 ppm) • 
statistically significant reductions in mean water intake 
were noted primarily in mice fed 1500 or 3000 ppm atrazine. 
Reductions in mean food consumption correlated with similar 
reductions in mean body weight and mean body weight gain. 
These reduction weJ"B sporadic (occurred only in certain 
weeks during the study) and were not related to the dose of 
atrazine. No statistically significant reductions in mean 
food consumption were seen in mice fed chow containing 10 
ppm atrazine. 

Males: 
!:il::Ql.lli! ., 2 

3 
4 
5 

Table 4 
Dietary Intake of Atrazine 

(taken from p. 19) 

Dietary Mean Daily 
!::2D!:l!i1DtJ::i:lti2D Dose Cms:Lkg}a 

10 1.4 
300 38.4 

l!:iOO 194.0 
3000 385.7 

Range 
Cms:Lks:Ls:li:l~l 

1.2 - 2.0 
35.7 - 58.3 

184.3 - 293.3 
364.3 - 541.6 

------------------------------------------------------------Females: 
!;lJ::QlU! * 2 10 1.6 1.4 - 2.3 

3 300 47.9 41.1 - 73.1 
4 1500 246.9 215.9 - 363.3 
5 3000 482.7 420.8 - 660.6 

a The group mean daily dose was calculated for each study 
week as follows: 
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Group Mear. Daily • 
Dose (mgjkg) 

10 

Group Mean Food Consumption x .Atrazine 
Cq/mouse/doyl cone. Cmq/kql 

Mean Group Mid-Period Body Weight (g) 

Conclusion: On the basis ot a daily dose ot mgjkg, tamale 
mice fed 300 1 1500, or 3000 ppm atrftzine receiv~d about 3 
25% higher doily dose of otrazine than male mice in the 
corresponding exposure group. 

D. Ophthalmological examination: 

Ophthalmological examinations were performed prior to 
the study on all male and all tamale rots on weeks 26, 52, 
78 and 90, 

Results and conclusions: No treatment-related ophthalmic 
change~ war~ observed during this study. Corneal opacities 
and lenticular cataracts were the moat frequent 
observations and occurred with similar incidence in both 
control and treated groups of mice (see tabla below). Most 
animals with ocular changes noted early in the study (i.e., 
examined at weuks 26 or 52) had no ocular changes when 
examined at weeks 78 and 90. 

Table 5 
S\lllllllary Incidence of ocular Findings at 90 weelca 

(taken from p. 2709) 

Sex: MAh!! r§mAh!! 
Group II: 1 2 3 II 5 1 2 3 4 5 

Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 3000 
11 of mice: 38 36 37 43 37 28 25 27 31 15 

Ocular F1nd1Da!i!l 
Cornea: opacity 14 9 10 17 12 9 9 .. 10 2 
Lens: catract 22 17 20 17 24 23 18 24 25 15 
Adnexa: 

blepharitis 2 3 3 2 3 
Iris: 

ectopic pupil 1 1 1 2 
Phthisis bull;!;!. :1. 
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E. Hematology; 

Blood was collected from all animals on days 362, 544 
and 639 for hematology and clinical analysis from all 
animals. Blood smears were obtained during weeks 52 and 78 
from the first 20 animals for each sex in the 0 ppm and 
3000 ppm atrazine grouvs. In addition, all animals who 
died or who were sacrificed in moribund conditon had blood 
smears taken, The CHECKED (X) parameters were examined. 

lXI Hematocrit (HCT)* 
lXI Hemoglobin (Hb)* 
lXI Leukocyte count (WBC)* 
lXI Erythrocyte count (RBC)* 

I I Platelet count•+ 
1 1 Plateletcrit 
I I Platelet dist. width 

lXI Leukocyte differential count* 
I I Mean corpuscular Hb (MCH) 
lXI Mean corpuscular Hb cone. (MCHC) 
lXI Mean corpuscular volume (MCV) 

I I Reticulocyte count 
I 1 Mean platelet volume 
I I Red cell dist. width 

----------------------------------------------------------------Blood clotting msrmta, 
(Thromboplastin time) 
(Clotting time) 
(Prothrombin time) 

* Required for subchronic and chronic studies 
+ Not required for oncogenicity studies 

Results and conclusions: At the termination of the study, 
statistically significant reductions in mean erythroid 
variables (erythrocyte count, hematocrit and hemoglobin) 
ware observed in Groups 4 (1500 ppm) and 5 (3000 ppm) males 
and Group 5 females. The authors concluded that these 
erythroid effects were secondary to decreased body weight, 
food consumption and/or water consumption. These results 
are summarized in Table 6. 

Other hematological effects were observed. Group 5 
females {3000 ppm) had reduced mean neutrophil percentage 
and elevated lymphocyte percentage when compared to control 
mice (Table 6), These elevated blood cell levels may have 
bean caused by by illness, although the authors did not 
fully elaborate on these results. 

A few male and female blood samples in those mice who 
survived to terminal necropsy were not analyzed, 
regardless, the number of samples only amounted to 1 per 
group (compare Tables 2 and 9). 
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Group *: 
Dose (ppm): 

• 

12 

Table 6 
Selected Hematological Paraaeters in Mice at 639 Daya 

(taken from Table 8,7) 

1 
0 

2 
10 

3 
300 

4 
1500 

006712 

5 
3000 

---------------------------------------------------------------------------* of mice examined 
males: 34 33 35 39 34 

females: 26c 23 26c 26 1.5 

~SIJ::Imgtt~: 
Males 

6.69b 6,33b RBC 7.68 7.47 7.48 
Hb 14. 7l 14.02 14.07 12.86a 12.52)) 
HCT (%) 45.24 43.21 43.66 39,74a 38.62b 

---------------------------------------------------------------------------Feaales 
RBC 6.64 7.34 6.36 6.29 .5.54a 
Hb 13,25 14.33 12,62 12.58 ll.22a 
HCT (%) 41.04 43.96 39,04 38.62 34.8oa 
Neuts %c 39.52 37.22 40.84 49.23 56.40a 
Lymphs %c 58.32 60.61 57.92 48.54 42.33a 

a p • <0.05, b p • <0,01, significantly different from control group 
when compared by the use of the two-tailed Dunnett t-test performed on the 
raw data. 
c • For neutrophil % and lymphocyte % tests, 25 female control mice and 25 
female mice in the 300 ppm exposure qroup were examined. 

F. Sacrifice. Gross Pathology and Histopathology: 

All animals were tasted overniqht prior to terminal 
necropsy. The 301 animals that died in the courae of the 
study and those mice who were sacrificed on achedule were 
examined tor qross patholoqical and histoloqical chanqes. 
Terminal necropsies began August 1, 1986 and ended Auqust 
22, 1986 on weeks 92-95 of the study. Necropsies were also 
performed on the animals who had died durinq the course of 
the study. Microscopic e~aminations were performed on all 
specificed tissues and qross lesions from all animal• in 
each qroup, regardless whether the animal was round dead, 
sacrificed moribund, or after scheduled necropsy. 

The CHECKED (X) tissues were collected tor 
histoloqical examination. The (XX) orqans, in addition, 
were weiqhed to determine the orqan weight. 
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piqestiya oystem 
X Tongue 
X salivary glands* 
X Esophagus• 
X stomach* 
X Duodenum• 
X Jejunum• 
x Ileum• 
X Cecum• 
X Colon• 
X Rectum• 
XX Liver•+ 
X Gall bladder** 
X Pancreas• 
Respiratory 

IX I Trachea•li 
IX I Lung* 
I I Nose" 
IX I Pharynx" 
IX 1 Larynx" 

• 

006718 
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Cardigyascular NeurolgQiJal 
IX Aorta• lXXI Brain* 
IX Heart* IX 1 Periph. nerve (sciatic)** 
IX Bone marrow** IX 1 Spinal cord (3 levels)** 
IX Lymph nodes• IX 1 Pituitary• 
IX Spleen IX 1 Eyes (optic n.)** 
IX I Thymus* Glandular 

urogenital lXXI Adrenal gland* 
lXXI Kidneys•+ I I Exorbital lacrimal glandli 
IX I Bladder• IX I Mammary gland** 
lXXI Testes•+ IX 1 Parathyroids•++ 
IX I Epididymides IX I Thyroidc•++ 
IX I Prostate QtpAr tissues 
IX 1 seminal vesicle! 1 Bone (femur)** 
IX I ovaries•+ IX I Skeletal muscle(thigh)*li 
IX I Uterus• IX I Skin** 
I I cervix IX I All gross lesions 
I I Fallopian tubes and masses• 
IX 1 vagina 

* 
" 

Required tor subchronic and chronic studies. 
Required tor chronic inhalation. 

*· In subchronic studieR, examined and preserved only if indicated by 
signs of toxicity or target organ involvement. 

+ Organ weight required in subchronic and chronic studies. 
++ Organ weight required for non-rodent studies. 

1. Organ weight: Organ weights were determined for the 
liver, kidneys, testes, brain and adrenals in all animals 
in all exposure groups at weeks 92·95 during terminal 
necropsy. Organ weights were not recorded tor animals 
tound dead or sacriticed moribund. Only 26 ~f the 36 
surviving females had their livers weighed whereas ~4 of 
35 surviving males had their livers weighed, and 
theretore, not all ot the mice who were fed atrazine had 
their organs examined. 

organ weight results: Few organ weight changes were 
observed in this study. Mice ted 3000 ppm exhibited 
decreased mean weight in the following tissues: brain 
(temales and males) and kidneys (females). organ weight 
increases were found in mean brain to body weight ratio 
in tamales. Table 7 shows the organ weights of the 
brain, adrenal gland, kidney, liver and testes as well as 
the organ weight ration to whole body weight. 
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Table 7 
selected organ weights snd Weight Ratios at 91 Wee~ 

(% body weight ratios in parentheses) 
(taken from Table 8.8) 

1 2 3 4 

006718 

5 
Dose (ppm) : 0 10 300 1500 3000 

QJ::9:AD c in g~Amll i 
Halo a 

0,48b Brain 0.55 (1.55) o.so (1.45) 0.50 (1.55) 0.49 (1.55) ( l. 52) 
Adrenal 0.007 (0.02) 0.008 (0,02) 0.007 (0.02) 0.007 (0.02) 0.007 (0.02) 
Kidney 0.65 (1.96) 0.67 (1.93) 0.64 (1.95) 0.62 (1.96) 0,60 (1.90) 
Liver 1.61 (4.81) 1.62 (4.75) 1.53 (4.69) 1.54 (4.85) 1.53 (4.83) 
Testes 0.32 (0.96) 0.32 (0.94) 0.33 ( l. 01) 0,31 (1. 00) 0.29 (0.94) 
---------------------------------------------------------------------------
Brain 
Adrenal 
Kidney 
Liver 

0.52 (1.73) 
0.01 (0.04) 
0.49 (1.61) 
1.60 (5.26) 

O.!j3 
o.o1 
0,48 
1.48 

(1. 78) 
(0.03) 
(1.62) 
(4.93) 

F-ales 
0.52 (1.76) 
0.01 (0.03) 
0.47 (1.60) 
1.49 (5.02) 

0.51 
0.01 
0.44 
1.!54 

( 1. 83) 
(0.03) 
(1.!59) 
(5.50) 

0.49a 
0.01 
o.ub 
1.41 

(2.0l)b 
(0.05) 
(1.70) 
(5.68) 

a p • <0.05, b p • <0.01, aignlflcantly ditternet from control group when 
compared by the use of the two-·c.ailed Dunnett: t-test performed on the raw 
data. 

2. Gross pathology results: Several gross observations were 
noted in the mica fed higher levels (i.e., 1500 ppm 
andjor 3000 ppm) of ~trazine. These observation• were: 
enlarged atrium (or atria) of the heart, tan-colored 
lesions of the heart and pallid col~L· of the kidney(a). 
The observation of enlarged atria of the heart appears to 
be dose-related although it occurs at a low incidence. 
The incidences of these gross lesions are illustrated in 
the Tabla 8 below. 
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Total 

organ 

15 

Table 8 
Summary Incidence of Gross Lesions Observed in this study 

(taken from Table 9.6.3) 

Sex: Mill I HiQI E1m11h HiQI 
Group *: 1 2 3 4 5 1 2 3 4 

Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 

* of mice: 59 60 60 58 58 60 59 60 60 

or Site; 

Heart, 1. atrium: 
ei1larqed 1 4 4 1 4 

Lesion, tan 2 2 3 

5 
3000 

60 

8 
3 

------------~------------------------------------------M••-------------Heart, r. atrium: 
enlarged 1 

Kidney, pallid 2 
color 

3 
1 
2 

2 
3 4 3 

1 
10 

13 
3 
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3, Histopathology results: 

a) Non-neoplastic lesions.: As seen at'ter the terminal 
necropsy, dose-related cardiac thrombi (primarily in the 
atria) were seen in male mice receiving 1500 ppm and 
t'emale mice fed 3000 PPill atrazine. As shown in Tabla 9, 
cardiac thrombi were obuerved primarily in t;hose animals 
who had died or were killed in the cou~sa or the study. 

I 

The authors attributnd the majority of the 
unscheduled deaths to spontanaously-occurrinq renal 
amyloidosis (p. 24). However, the incidence of cardiac 
thrombi in mice with unscheduled deaths and who were 
sacrificed moribund is statistically significant from 
control mice (this group Of mica is referred by the 
authors as "early deaths 1

• ··- this term is adopted in this 
review) • statistically sig·nit'icanca was not found in any 
group of mice regarding the incidence of renal 
amyloidosis in any group of mice, Tabla 9 shows that the 
incidence of cardiac thrombi in female mica treated with 
1500 ppm or 3000 ppm was higher in the "early death" 
group Of female mica.than the corresponding female mice 
who survived to terminal necropsy, 

Other statistically signif'icant amyloid lesions 
occurred in exposed groups but were termed "sporadic" by 
the authors. The following amyloid lesions were observed; 

l) A statistically significant increase in incidence 
of amyloidosis of the liver and the adrenal gland 
ware found in t'emale mica fed 300 ppm atrazina, 

2) Likewise, thyroid amyloidosis wa• observed the 
"early death" group of female .u.;i.ce who ate chow 
containing 10 ppm atrazine. 

3) Lymph node amyloidosis was observed in the "early 
death" group ot female mice who were fad 1500 ppm atrazine. 
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Table 9 
summary Incidence or cardiac Throabi observed in this study 

(taken from ,, 2749) 

Sex: 
Group II: 

Do~o~e (ppm) : 
1 
0 

2 
10 

Male Mica 
3 4 

300 1!500 
.5 

3000 

11 Early death" 3/24 5/27 3/24 7/21 9/23a 
group 

Mice surviving 0/3.5 1/33 0/36 0/39 0/35 
to terminal 
sacrifice 

All mice 3/59 6/60 3/60 7/60 9/.58 

1 
0 

Female 
2 3 

10 300 

Mice 
4 

1500 
5 

3000 

3/34 4/36 1/34 ll/33b 24/45a 

0/26 0/23 1/26 0/27 2/15 

3/60 4/59 2/60 11/60. 26/60c 

a - p < 0.05, b • p < 0.01, c - p <0.001, significantly different from 
control (by Fisher's exact test). 

Table 10 
Summary Incidence of Renal A:ayloid Lasions Observed in this study 

(taken from •rablea 9. 6 .1.1, 9. 6 .1. 2, 9. 6 .1. 3) 

sex: Mill Hi;l f111111.l1 Hi21 
G:;oup II: 1 2 3 4 5 1 2 3 4 5 

Dose (ppm): 0 10 300 1.500 3000 0 10 300 1!500 3000 

"Early death" 9/24 10/27 6/24 8/21 6/23 18/34 2Z/36 23/34 20/32 25/4.5 
group 

Mice surviving 5/35 2/33 4/36 3/39 8/35 
to terminal 

8/26 5/23 7/26 5/27 0/1.5 

sacrifice 

All mice 16/59 9/60 14/60 14/60 18/58 28/60 31/.59 31/60 25/60 29/60 
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Table 11 
summary Incidence of Adrenal Aayloid Lesions Observed in this Study 

(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

Sax: H~l.l f:liQI llmUI HiQI Group N: 1 2 3 4 !5 1 2 3 4 5 
Dose (ppm) : 0 10 300 1500 3000 0 10 300 1500 3000 

"Early deaths" 8/24 8/27 6/24 11/20 9/22 18/34 24/3!5 24/33 20/32 30/44 
qroup 

Mice aurvivinq 3/32 1/32 2/35 0/37 8/32 5/26 2/23 9/2!5 6/';;7 0/15 to terminal 
sacrifice 

All mice 11/!56 9/!59 8/59 11/!57 17/54 23/60 26/!58 33/!58a 26/!59 30/59 

a - P < 0.05, significantly different from control (by Fisher's exact 
test). 

Table 12 
summary Incidence of Hepatic Aayloid Lesions Observed in this Study 

·(taken from Tables 9. 6. 1.1, 9. 6 .1. 2, 9. 6 .1. 3) 

Sex: H~ll Hi!OI E1m1l1 Hifi11 Group N: 1 • 2 3 4 !5 l 2 3 4 5 Dose (ppm) : 0 10 300 1!500 3000 0 10 300 1500 3000 

"Early deaths" 7/24 7/27 4/24 10/20 9/23 17/34 23/36 23/34 19/33 29/4!5 qroup 

Mice surviving 2/35 l/33 2/35 0/39 4/34 4/26 2/23 6/25 !5/27 0/15 to terminal 
sacrifice 

All mice 8/59 7/60 5/60 10/59 10/58 20/60 25/59 30/60a 22/60 29/60 

a • p < o.o5, significantly different from control (by Fisher's exact 
test). 
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Tabla 13 
Sumaary Incidence of Lyaph Hade Aayloid Lesions Observed in this Study 

(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

Sex: HAll Mil<l ElmAll Hi~<l Group II: 1 2 3 4 5 1 2 3 4 5 
Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 3000 

"Early deaths" 3/22 0/25 0/23 0/16 3/21 5/34 8/32 l0/32 ll/3la 8/41 
group 

Mice surviving 1/35 1/31 2/35 0/36 
to terminal 

1/33 3/26 3/23 3/26 3/26 0/14 

sacrifice 

All mice 4/57 1/56 2/58 0/52 4/54 8/60 11/55 13/58 14/57 8/55 

a- P < 0,05, significantly different from control (by Fisher's exact 
test) • 

Table 14 
Summary Incidence of Thyroid Gland Aayloid Lesions Obsorvad in this study 

(taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

Sex: HAl!i! Mil< I lllllllJ.I Hil.!il! Group 11: 1 2 3 4 5 1 2 3 4 5 
Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 3000 

"Early death" 8/24 8/25 5/23 9/21 10/22 17/34 25/34a 23/34 20/33 29/45 
group 

Mice surviving 2/35 
to terminal 

l/33 2/35 0/:19 4/34 4/26 2/23 6/25 5/27 0/15 

sacrifice 

All mice 10/59 9/58 7/58 9/60 14/56 21/60 27/57 29/59 25/60 29/60 

a = P < 0.05, significantly different from control (by Fisher's exact 
test). 
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b) Neoplastic lesions: overall, atrazine exposure did not 
cause a dose-related increased incidence of neoplasms in 
these mice in this study. 

Histological evaluation of palpable massea were 
performed. Of the palpable massea examined, 3 female 
mice ware found to have developed mammary adenocarcinomas 
(one mouse in the control group and 2 mice fed chow 
containing 3000 ppm atrazine), one female in the 10 ppm 
exposure group developed a fibroma and one female in the 
300 ppm group develop3d malignant lymphoma. In male 
mice, two developed fibrosarcoma in the 10 ppm exposure 
group. one male mouse in the group fed 1500 ppm atrazine 
was determined to have a hemangiosarcoma (a malignancy 
formed by the proliferation of endothelial and 
fibroblastic tissue). These neopl~sms were found after 
histological examination of these palpable masses in 
these mice; soma of these tumors are listed in the tumor 
incidence tables below. 

As shown on Table 15 1 in male mice fed 10 ppm 
atrazine, a statistically significant increase in the 
incidence of hepatocellular adenomas was observed, yet no 
statistically significant increase in incidence of this 
type of tumor was observed in groupa of mice fed higher 
levela ot atrazine (i.e., 300 ppm, 1500 ppm or 3000 ppm). 
This effect is not dose-related. 

No statistically significant increases in incidence 
were found for the following types ot neoplasms: mammary 
adenocarcinomas, adrenal adenomas, pulmonary adenomas and 
malignant lymphomas. The incidences tor these tumors are 
listed in the tablea below. 
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Table 15 
Summary Incidence of Hepatocellular Adenoaaa Obaerved in this study (taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

Sex: HAll MiS<I ElliiAll HiQI Group 1: 1 ... 3 4 5 1 2 3 4 5 ~ 

Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 3000 

"Early c:ieath 11 0/24 5/27a 0/24 1/20 0/23 0/34 0/36 0/34 0/33 0/45 group 

Mice surviving 
to terminal 

10/35 8/33 f:/36 3/39 1/35 1/26 0/23 0/26 0/27 0/15 
sacrifice 

All mice 10/59 13/60 6/60 4/59 1/58 1/60 0/59 0/60 0/60 0/60 
a • P < 0.05, siqniticantly aitferent from control (by Fiaher•s exact test) • 

Table 16 
Sumaary Incidence of Ma-ary Adenocarcinoaaa Observed in this Study (taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

sex: Hill Hi;l EtmAll HiQ!i! Group Nz 1 2 3 4 5 1 2 3 4 5 Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 3000 

"Early c:ieath" 0/13 0/9 0/13 0/14 C/9 1/33 0/35 0/33 0/33 2/44 group 

Mice surviving 0/18 0/12 0/19 0/22 
to terminal 

0/20 0/26 0/23 1/25 0/27 0/15 
sacrifice 

All mice 0/31 0/21 0/32 0/36 0/29 1/59 0/59 1/58 0/60 2/59 
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Tabla 17 
summary Incidence of Adrenal Adenomas observed in this study (taken from Tables 9.6.1:1, 9.6.1.2, 9,6.1.3) 

Sex: 
Group H: 

Dose (ppm) : 
l 
0 

Male Mice 
2 3 4 5 

10 300 1500 3000 

"Earl~ deaths" 0/24 0/27 0/24 0/20 0/22 
qroup 

Mice survivinq 3/32 0/32 3/35 4/37 3/32 
to terminal 
sacrifice 

All mice 3/56 0/59 3/59 4/57 3/54 

l 
0 

Female Mice 
2 3 4 5 

10 300 1500 3000 

0/34 0/35 0/33 0/32 0/44 

0/26 0/23 0/25 0/27 0/15 

0/60 0/58 0/58 0/59 0/59 
a • The numerator of these incidence values in this row were calculated by subtractinq the tumor incidence in those mice who su~;ived until terminal sacrifice from all of th~ mics studied (a.q., for Group l males, 3/56 - 3/32 • 0/24) 

'.i!able 18 
summary Incidence of Pulaonary Adenoaas Observed in this Study (taken from Tables 9.6.1.1, 9.6.1.2, 9.6.1.3) 

sex: Hill Higl ftmll• Hi!:!l Group H: 1 2 3 4 5 1 2 3 4 Dose (ppm): 0 10 300 1500 3000 0 10 300 uoo 

"Early deaths" 1/24 1/27 1/24 0/21 l/23 1/34 1/36 l/34 1/33 qroup 

Mice survivinq 3/35 3/33 3/36 5/39 6/35 0/26 0/23 1/26 2/27 to terminal 
sacrifice 

All mice 4,'59 4/60 4/60 5/60 7/58 1/60 l/59 2/60 3/60 

5 
3000 

l/45 

1/15 

2/60 
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Table 19 
summary rncidence of Malignant Lyaphaaa Observed in this Study 

(taken from Tables 9.6.1.1, 9.6.1.2, 9,6,1,3) 

Sex: H!al!i! Hi~l l':lmll!i! Hi~• 
Group H: 1 2 3 4 5 1 2 3 4 5 

Dose (ppm): 0 10 300 1500 3000 0 10 300 1500 3000 

"Early deaths" 2/24 3/27 5/24 0/21 1/23 6/34 5/36 5/34 3/33 3/45 
group 

Mice survivinq 2/35 
to terminal 

5/33 4/36 3/39 3/35 13/26 9/23 11/26 9/27 4/15 

sacrifice 

All mice 4/59 8/60 9/60 3/60 4/58 19/60 14/59 16/60 12/60 7/60 
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V, DISCUSSION: 

Atrazine exposure did not ~ause a dose-related increase 
in the incidence ot neoplasms in the CD-1 strain of mice in 
this study. No dose-related effects are seen tor macroscopic 
gross lesions or ocular chanqes in either sex during the 91-
week atrazine feeding study. 

The NOEL and the LEL are determined on the following 
bases. The LEL is set at 1500 ppm baaed upon decreases of 
23.5% and 11.0% in mean body weight gain found at 91 
weeks in male and female mice, respectively. Also, an 
increase in the incidence ot cardiac thrombi is found in 
tamale mice in the 1500 ppm exposure group. Nona of the 
above effects are found at 300 ppm, thus the NOEL is sat at 
300 ppm. 

This oncogenicity study shows that there are dose­
related effects of atrazine in mice fed chow containing 1500 
ppm or 3000 ppm atrazine. The dose-related effects are the 
prpduction of cardiac thrombi, a decrease in the mean body 
weight gain at 12 and 91 weeks during the study, and 
decreases in erythrocyte count, hematocrit and hemoglobin 
concentration. An increase in the incidence of cardiac 
thrombi is found in female in the 1500 ppm and 3000 ppm 
exposure groups. In addition to amyloidosis, cardiac thrombi 
contributed to the deaths of the group of mice who did not 
survive to terminal sacrifice (this group ot mice are termed 
as "early death" mice). This assertion is based on the 
observation that a statistically significant increased 
incidence of cardiac thrombi is found in "early death" mice 
whereas no statistically significant increase in incidence of 
cardiac thrombi is found in the group ot mice who survived to 
terminal sacrifice in the same exposure group. These 
responses are the only dose-related effects observed in 
these mice in this study. 

Female mice in the 3000 ppm exposure group recieved 
almost twice the dietary intake levels of atrazine when 
compared to male mice in the 3000 ppm exposure group. This 
observation may explain the 25% survival of female mice and 
60% survival of male mice in the 3000 ppm exposure group. 
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At the highest exposure level, 3000 ppm, atrazine 
exposure in both sexes or mice caused: 

1) 

2) 

3) 

4) 

a decrease in the mean body weight gain at 12 and 91 
weeks, 

a decrease in rood consumption rates, 

an increase in the incidence of cardiac thrombi, 

a decrease in erythrocyte count, hemoglobin 
cQncentration and hematocrit, and 

in female mica only: 

1) an increase in mortality, 

2) a decrease in mean brain and kidney weights, and 

3) decreased percentages of neutrophil• and lymphocytes. 

Both the 1500 ppm and the 3000 ppm atrazine exposure 
levels are deemed sutticient doses to cause an adequate level 
of toxicity in male and female mice because: 

1) 

2) 

3) 

4) 

the high percentage of mortality at 91 weeks (75t) in 
tamale mice in the 3000 ppm atrazine exposure group, 

decreased mean body weight gain at 91 weeks in tamale 
mice (48.5t) and in male mice (24.4t) ted chow 
containing 3000 ppm atrazine, 

a 23.5t decrease in mean body weight gain in male mice 
and an ll.ot decrease in tamale mice in the 1500 ppm 
atrazine exposure group at 91 weeks, and 

at 12 weeke a 33.0t decrease in mean body weight gain 
in male mice and a corresponding 14.3t decrease in 
female mice in the 1500 ppm exposure group. 

This study was well condwcted and has been deemed 
sutticient quality to determine the oncogenic potential of 
atrazine. This study should be given the core classification 
of "guideline" because the methodology requirements 
established in the Pesticide Assessment Guidelines, 
Subdivision r 183-2 have been satiatied. 

PC1/reporta;atraonoo,002 
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Reviewed By: Irving r, Ph.D. TB Project No.: 8-0320 
Section VI, Toxicology Branch (TS-769C) Date: 
secondary Reviewer: Judith w. Hauswirth, Ph.D., Hea~'·' ,, ..... ~. 1 
Section VI, Toxicology Branch (TS-769C) · w·~ 

~1~/t-r' 

TOXICOLOGY BRANCH: DATA REVIEW 

Chemical: Atrazine 

Study Type: Chronic (52-Week) Feeding - Dog 

Caswell No.: 063 
TOX Chern No.: 080803 

Citation: Atrazine Technical - 52-Week Oral Feeding in Dogs 
(MIN 852008) 

Accession No.: 404313-01 (3 volumes) 

Sponsor: Ciba-Geigy, Corporation, Greensboro, NC 

Testing Lab.: Ciba-Geigy, Division of Toxicology/Pathology 
summit, NJ 

Study No.: 852008 (Tox./Path. Rpt. No. 87048) 

Study Date: October 27, 1987 

TB Conclusions/Evaluation: 

CORE MINIMUM DATA. Although the mid-dose (150 ppm) was 
proposed by the testing laboratory as the NOEL, a number of 
minimal cardiac changes were found in a few animals at this 
intermediate dose. Hence, TB regards the LOT (15 ppm) as the 
NOEL, until more ~xactly defined between 15 and 150 ppm. 

Dietary doses administered: O, 15, 150, and 1000 ppm. 

Intake equivalent: mg/kg/day 

Male - 0, 0.48, 4.97, and 33.65 

Female - 0, 0.48, 4.97, and 33.80 
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DETAILED REVIEW 

Test Article: 

Atrazine technical (Batch FL 850612)1 nature and purity not 
stated here (but reported elsewhere as 97 percent)! mixed in 
canine feed (Purina No. 5007) for oral feeding. Samples of the 
admixture were monitored at regular intervals for contaminants, 
stability, homogeneity, and atrazine concentration. 

Procedures: 

Purebred 5-month-old male and female beagle dogs (Marshall 
Farms, North Rose, NY) were acclimated to the laboratory for 
1 month, then aseigned randomly to four groups, which received 
feed containing 0 (feed only, six animals/sex), 15 ppm (four 
animals/sex), 130 ppm (four/sex), and 1000 ppm (six animals/t1ex) 
test article. 

The animals were observed daily, and body weight and food 
consumption determined pretreatment, and weekly during the first 
13 weeks of treatment, then monthly thereafter. Auditory and 
ophthalmoscopic (by Fison Indirect Ophthalmoscope) examinations 
were performed during the pretreatment period and quarterly 
during treatment, as were electrocardiographic (EKG) tracin!)'J 
(10 leads). Seven hematological parameters (hemoglobin, 
hematocrit, rbc, wbc, differential, platelets, and prothrombin 
time) were also measured during the pretreatment period and 
quarterly thereafter, in addition to reticulocyte& and Heinz 
bodies. ~ifteen serum chemistry values (BUN, creat, SGOT, SGPT, 
alk phoa, glu, tot bili, tot chol, inorg phoa, Na, K, Ca, Cl-, 
tot prot, alb, glob, and A/G ratio) including CPK and LOR, and 
nine urinalysis values (spec grav, pH, prot, glu, bili, urobili, 
ket, occ blood and micro) were also determined according to the 
same sampling schedule. All surviving animals were necropsied 
during week 53: complete necropsies were also carried out on any 
animals that died during the study period. 

A complete roster of tissues, according to Teat Guideline 
directives, was fixed in 10\ neutral buffered formalin for 
microscopic examination: 

Adrenal (2) 
All Gross Lesions incl. 

Tissue Masses 
Aorta 
Brain: 

cerebrum 
cerebellum 
medulla/Iions 

Kidney (2) 
[Larynx/Pharynx) 
Liver 
Lung 
Lymph node: 
Axillary 
Mesenteric 

Mammary gland (F) 

-2-

Salivary Gland 
Skin 
Spinal Cord: 

cervical 
lumbar 
thoracic 

Spleen 
Sternum w/marrow 
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Stomach Cecum 
Colon 
Duodenum 
Esophagus 
Eyes w/optic nerve 
[Femur w/joint] 
Gallbladder 

Muscle, thigh 
Nerve, sciatic 
Ovary (2) 
Pancreas 
Pituitary 
Prostate 
Rectum 

Testis w/epididymis (2) 
Thymus, when present 
Thyroid w/parathyroid (2) 
Tongue 

Heart 
Ileum 
Jejunum 

[Rib at costochondral 
joint] 

Trachea 
Urinary Bladder 
Uterus 
Vagina 
[Vertebral 

Absolute organ weights (brain, heart, kidney, liver, ovary, 
pituitary, spleen, testis with epididymis, ano thyroid/ 
parathyroid) were determined, and relative weights calcul.~ted 
using a computer system. Gross pathology data were initially 
recorded manually, but later entered into the N03 pathology data 
base. A detailed examination of the hearts of all animals · 
sacrificed at study termination was performed, including 
measurement of left and right ventricular wall thickness, in 
order to augment the description of the nature and severity of 
any cardiac lesions. [NB: Cardiac toxicity was the subject of a 
flagging statement in the final report of this study (Volume 1, 
page 4 of 1405),] 

Data on body and organ weights, feed consumption, clinical 
laboratory values, and EKG tracings were stored in the Beckman 
toxicology system data base (TOXSYS) in the IBM 4361 mainframe 
computer, and analyzed separately for each sex by a two-tailed 
Dunnett's multiple comparisons test (p < 0,05 and < 0.01) at 
each time point during treatment, in order to detect any 
differences between each treatment mean and control. During the 
pretreatment period, an F-test for testing equality of all 
treatment group means was performed. Nonparametric versions of 
these procedures (based on rank rather than numerical values) 
were employed on parameters not normally distributed (e.g., 
highly skewed). Supplemental statistical analyses were necessary 
where the significant deviations were detected via diagnostic 
procedures. These included data tran~formation, nonparametric 
tests, and tests without assuming homogeneity of group variances. 

Results: 

Chemical Analvsis/Oos imetry 

Routine (monthly) chemical analysis of feed admixtures 
indicated that the concentrations of the test material were 
within ! 10 percent of target concentrations (92 to 107 percent, 
Appendix 9,8), The admixtures were stated to be stable for at 
least 21 days at roorn temperature (92 percent of target concen­
trations for the •15 ppm• test formulation, Appendix 9,7), (M!I 
The same tabulation indicates, however, a 99 percent target 
stability for the high-dose admixture, 1000 ppm.) Analysis of 

-3-
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multiple subsamples during week 1 of treatment revealed atrazine 
was homogeneously distributed throughout the feed admixtures 
(relative standard deviations were 2, 1.3, and 1.7 percent, 
respectively, for the three dosage groupsa 15, 150, and 1000 
~pm, Appendix 9.9), 

Based on feed consumption and Average-group mid-period body 
weight (Table 8.4, Appendix 9.1.4, discussed below), the daily 
doses and ranges (from Table 8.3) were calculated as follows: 

Dietary 
Concentration Mean Daily Dose Range 

Group (ppm) (mg/kg/dayl (mg/kg/day) Sex 

M 2 15 0.48 0,4 - 0.6 
3 150 4.97 4.3 - 5.7 
4 1000 33.65 20.1 - 38.0 

F 2 15 0,48 0,4 - 0.6 
3 150 4.97 4.2 - 6.0 
4 1000 33.80 23.1 - 39.3 

Mortality~Clinical Signs 

Three animals'had to be sacrificed during the study in a 
moribund condition1 ·one 150 ppm male (14M) on day 751 one 1000 
ppm female (39 F) on day 1131 and one 1000 ppm male (16 M) on day 
250 (Table 8,1, Appendix 9.1,1), Control and 15 ppm animals 
survived the entire study period without incident. The authors 
considered the moribund condition of 14 M to have developed 
spontaneously, unrelated to atrazine treatment. This animal lost 
3 kg and became cachectic early in the second month of treatment, 
following prior bouts of hypoactivity, bloody discharge from the 
penis, fecal changes (bloody, mucoid, and/or soft), mydriasis, 
and reduced pupillary response. Clinical laboratory changes 
included elevated white cell count, increased serum globulin 
level, and depressed erythroid parameters. Principal his­
topathological findings were stated to be consistent with 
published reports of disseminated fibrinoid necrotic arteritis 
(termed "polyarteritis nodosa,• or, alternatively, necrotizing 
vasculitis), considered a spontaneous disease in the dog, 
involving meningeal, coronary, renal, and other blood vessels 
(mesenteric, testicular, etc,), 

Whereas the authors considered the moribund condition of 
39 F (1000 ppm) to be related to compound administration, they 
considered that of 16 M receiving the same compound level 
unrelated to treatment. 39 F displayed a syndrome of clinical 
changes including an abnormal EKG profile, ascites and cachexia, 
referable to cardiopathy. Pathological changes included abundant 
clear as~ites fluid1 cardiac dilatation, and liver adhesions. 
Histologic findings included degenerative lesions (both atrophy 

-4-
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and myelosis) of the atrial myocardium, as well as hepatic 
centrilobular necrosis. On the other hand, 16 M manifested a 
persistent and progressive dermatitis with development of sores 
and scabs, and failure to gain weight associated with low food 
consumption, but none of the clinical signs referable to cardiac 
insufficiency. Necropsy findings included skin lesions as­
sociated with Demodex sp. mites, but also degenerative lesions in 
both atrial myocardia. Hence, while the moribundity of 16 M was 
considered to be due to the debilita~ing, progressive dermatitis 
caused by mites, the authors admit the possibility that atrazine 
could have contributed to the debilitated state, because of the 
presence of •compound-related myocardial lesions.• 

Among animals on 1000 ppm atrazine, treatment-related 
clinical signs attributable to atrazine-induced myocardial 
degeneration (discussed below) included ascites (one each high­
dose male, 15M, and female 39 F), cachexia (one male, 14M, 150 
ppm; 1 female, 39 F, 1000 ppm) and labored/shallow breathing (15 
M, 1000 ppm). Both of these high-dose animals as well as three 
others. fed at 1000 ppm (19 M, 20 M, and 40 F) had EKG and/or 
morphologic evidence of heart disease (characterized as irregular 
heartbeat, tachycardia, and increased heart rate), in contrast to 
the mid-dose dog, 14 M, which did not. These treatment-related 
clinical signs correlated to pathologic findings attributed to 
atrazine administration. 

A variety of other clinical signs, considered by the authors 
to be spontaneous findings commonly found in laboratory dogs were 
recorded (see Report Table 8.1 attached to this review). since 
they occurred randomly and were not dose-related, they were 
considered to be unrelated to atrazine treatment • 

. Body Weight/Food Consumption 

High-dose males and females ate less feed from the first 
week of treatme"t, which caused (at least in part) a parallel 
reduction in body weight or body weight gain (Figures 7.1, 7.2, 
7.~, and 7.4; Table 8.41 Appendix 9.1.4), Compared to baseline 
ipretreatment) values, percent body weight gain at study 
termination for the 1000 ppm group w~s +29.7 percent for males 
and 21.5 percent for females, whereas for controls the gain was 
46,6 and 35.6 per~snt, r~spectively (Report Table 8.2, attached 
to this review). However, only the change in males was signi­
ficant, at p < 0,05, using the two-tailed Dunnett's test. 
Treatment-related, statistically significant reductions in food 
consumption were found in high-dose males and females during the 
first quarter of the study period (Table 8.4). Where differences 
were not significant, food consumption was recorded as consis­
tently less than in controls. No statistically significant 
reduction in body weight or percent body weight gain and food 
consumption were recorded in males or females ingesting feed 
containing 15 or 150 ppm atrazine. 
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Ophthalmoscopy 

No compound-related ocular changes were found on 
ophthalmoscopic examinations (Appendix 9.2). A summary of 
individual ophthalmoscopic findings revealed comparable inciden­
ces and types of changes in control as in test groups. 

Electrocardiography . 

Treatmen~-related EKG changes were stated in the text of the 
report to be found only in the high-dose groups at various time 
points of recording (Appendix 9.3). Statistically significant 
findings in males •:1ere r•~corded for increased heart rate on days 
85, 175, and 3611 decreasud P-II (height of P wave) on days 85, 
175, 267, and 3611 decreased PR-interval time on day 3611 and 
decreased QT-interval time on days 267 and 361, Statistically 
si~nificant findings in females consisted of decreased P-II on 
days 85, 175, 267, and 3611 decreased PR on day 1751 and 
increased heart rate on day 175. 

The ·authors noted other statistically significant EKG 
changes in all test groups, but these were considered "incidental 
and unrelated to treatment." They included decreased mean 
electrical axis at day 175 and increased P-II and PR at day 267 
in low-dose females1 increased R waves at· day 361 in mid-dose, 
and at days 267 and 361 in high-dose males; but also sig­
nificantly decreased P-II of 0.200 mV (p < 0,05) in mid-dose (150 
ppm) females at daf 175, (This is the same change considered 
treatment-relatedn the high-dose group, with a mean value of • 
0.100 mv at day 175 in high-dose females, p ~ 0.01.) The value 
in 150 ppm females was stated to be within the normal background 
range of values for the species. (Background valu~s were not 
provided in the report, however, but the concurt·ent control value 
was given as 0. 267 mV. l The sta.ff cardiologist for Ciba-Geigy 
also noted arrythmia (atrial fibrillation) in four high-dose dogs 
(two males and two females) at various time points, and atrial 
premature complexes in one high-dose female at day 361 (Appendix 
9 0 3) • 

Hematology 
' Treatment-related changes in hematological V<1lues were 

reported to have occurred in the high-dose group only (Table 8.5 
and Appendix 9.1.5), These changes consisted of slight but 
statistically significant reductions in erythroid parameters (red 
cell count, hemoglobin, and hematocrit) in males only throughout 
the study (considered secondary to body weight depression), and 
mild increases in platelet counts in both sexes (said to be 
"minimal" by the authors), and of unclear toxicologic signi­
fioanJe, since this increase did not correlate to any pathologic 
obse~vation. Additionally, sporadic statistically significant 
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alterations in other hematologic parameters, considered by t.he 
authors to be toxicologically unimportant, occurred in males of 
all test groups (MCV, WBC, eosin) and in mid- and high-dose 
females (lymp mono, wee, MCHB, and MCHC). All these changes 
were considered "spontaneous and unrelated to treatment,• since 
neither dose-response nor consistent time-response occurred, they 
were not associated with any morphologic iindings, and group mean 
values were generally within the range of concurrent control 
values, as well as historical background for differential white 
blood cell counts (stated as "MIN" and "MAX" in Table 8.5). 

Biochemistry 

The only compound-related biochElmical changes reported were 
slight decreases in total 'protein and albumin, statistically 
significant (p < 0.05) for high-dose males and considered · 
secondary to reduced feed consumption (Table 8.6 and Appendix 
9.1.6), Other statistically significant differences occurred 
sporadically in low- and high-dose males and females, and were 
considered spontaneous changes unrelated to treatment, sinc.o they 
were neither dose- nor time-related, but marginal and within 
concurrent control values. Among low-dose animals, findings 
consisted of increased total bilirubin in males and increased 
phosphorus in females: in high-dose groups calcium was decreased 
and chloride increase in males, while females had increased 
sodium and glucose. 

Urinalysis 

No stated compound-related changes in urinary values were 
found, although several spr.radic statistically significant 
diffel'•;nces occurred in all test groups (Table 8, 7 and Appendix 
9.1.7). Low-, mid-, and high-dose females had nondose-related 
increased numbers of epithelial cells at day 175 only; in 
addition, high-dose females had decreased protein at day 270, 
Decreased crystals and specific gravity were noted in mid-dose 
males at day 89; on the other hand, high-dose males manifested 
increased crystals at day 89, decreased epithelial cell number at 
day 357, and decreases in WBC at day 175, All these changes were 
considered spontaneous, with no consistency, and within the range 
of concurrent control values observed in this study. 

Organ Weights 

Treatment-related, statistically significant changes in 
organ weights were recorded for high-dose animals, specifically 
decr-eases in absolute (but not relative) heart weight in females, 
and increased relative liver weight (both body and brain weight 
ratios) in male3 (Table 8,8 and Appendix 9,1,8), The cardiac 
changes were considered a direct effect of atrazine administra­
tion, while the liver weight change was primarily due to one 
animal (15 M) and considered secondary to ascites. Other 
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statistically significant changes in organ weights occurred in 
mid- and high-dose animals, but these were considered unrelated 
to treatment. For example, mid-dose females manifested marginal 
increases in absolute heart weight and heart/brain ratios 
inconsistent with the treatment-related decreases at the higher 
dose. High-dose females had increased relative (to body weight) 
ovary weights, consistent with stages of estrus rather than 
atrazine administration. 

Gross Pathology 

Gross pathological changes considered to be related to 
atrazine administration were found in the majority of high-dose 
survivors (4/5 males and 5/5 females) and consisted mainly of 
moderate to severe dilatation of right and/or left atria; less 
common cardiac changes included fluid-filled pericardium and. 
enlarged heart in three males (Report Tables 3 and 4 of Appendix 
9.4, attached to this review), Secondary changes included 
abdominal ascites and liver adhesions, the most severe noted in 
two animals (15M and 39 F), one of which was sacrificed moribund 
before study termination (39 F). 

Microscopic Pathology 

Microscopic findings were correlated to the gross changes, 
cardiac lesions occurring most often and restricted to high-dose 
males and females (Table 5 of Appendix 9.4, attached), The 
principal histologic lesion observed was atrophy and myelosis of 
the atrial myocardium, with atrial edema. Less common lesions in 
high-dose animals included centril~bular hepatic necrosis (two 
females) and serous lymphadenitis of the mesenteric lymph node 
(one male and one female). These treatment-related gross and 
histologic changes were also correlated to EKG abnormalities. 

Summary 

In summary, the authors concluded that treatment-related 
effects of atrazinP. feeding were found only at the high6~t 
dietary level (1000 ppm • 33,65 mg/kg/day for males; 33.80 
mg/kg/day for females), and included (as taken directly from the 
Final Report)• 

1. At least one death (female) [and possibly two, if one 
includes 16 Ml; 

2. cachexia and ascites; 

J, Reduction in body weight and percent body weight gain; 

4. Reduction in food consumption; 

5. Irregular heartbeat and increased heart rata; 
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6, EKG alterations such as increased heart rate, decreased 
P-II values, atrial premature complexes, and atrial 
fibrillation: 

7. Slight changes in hematological p~rameters such as 
decreased erythroid values and incruased platelet 
counts: 

8. Slightly decreased serum (total) protein and albumin: 

9. Slightly decreased absolute heart weight in females and 
slightly increased ~elative liver weights in males; 

10. Moderate to severe cardiac lesions consisting primarily 
of dilatation of right and/or left atria and myocardial 
degeneration (atrophy, myelosis) of the atria. The 
cardiac lesions were considered direct effects of 
atrar.ine administration, whereas many of the additional 
findings (clinical, hepatic, etc.), were considered 
secondary. 

From these results the authors proposed that the NOEL in 
this dog study was 150 ppm (actual intak~, 4.97 mg/k~/day for 
both se,xes), and based upon the cardiotoxicity observed, the MTD 
was exceeded at 1000 ppm. 

A Quality Assurance (QA) Statement was present, attesting to 
repeat inspections/audits of this study, and signed by the 
Director of OA/Regulatory Compliance, October 27, 1987. 

TB ~valuation! Core-Minimum Data 

Doses administered! 0, 15, 150, and 1000 ppm (equivalent to 
measured intakes of1 0, 0.48 1 4.97, and 33.65/33.80 [M/Fl 
mg/kg/day, 

The most significant effect of atrazine administration 
described in this 1-year dog study was the syndrome of car­
diopathy, featuring discrete myocardial degeneration and most 
prominently found in the test group receiving the highest concen­
tration of dietary atrazine, 1000 ppm (equivalent to actual 
intakes of 33.65 mg/kg/day for males, 33.80 mg/kg/day for 
femalea), Clinical signs referable to cardiac toxicity, such as 
ascites, cachexia, labored/lhallow breathing,and abnormal EKG, 
were first ob1erved as early as 17 weeks into the study. Gross 
pathological examination revealed moderate to severe dilatation 
of the right atrium (and occasionally the left atrium), micro­
scopically manifest as atrophy and myelosis (degeneration of the 
atrial myocardium). The authors proposed that the NOEL was 150 
ppm (4.97 mg/kg/day) for both sexes. 

While conceding that the MTD was exceeded at 1000 ppm, we 
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question whether 150 ppm represt~nts a valid·no-effect level. Two 
mid-dose males manifested some cardiac involvement, which was 
discounted by the authors as not treatment-related. Animal 12 M 
had a'"moderate" degree of dilatation of the right atrium, 
combined with "minimal" dilatation of the left atrium, plus a 
"pale lesion of the epicardium of the left ventricle~ on gross 
examination (but it was asserted that no microscoric atrial 
lesions were found). Animal 14M was sacrificed moribund during 
the 11th treatment week manifesting clinical signs such as 
hypoactivity and cachexia (among other changes), Gross patho­
logical examination of this animal revealed "red" right atrium, 
histologically manifest as a "thickened" atrium with edema. The 
cause of death was stated to be consistent with disseminated 
arteritis, reported to occur spontaneously in beagle dogs, and 
termed "polyarteritis nodosa.• Additional support for consider­
ing 150 ppm an effect level is provided by significantly 
decreased P-II waves in mid-dose females at day 175 of the study. 

If these cardiac changes at the mid-dose level represent 
the lower tier of atrazine effects, then this intermediate dose 
should be considered an effect level (LEL)I thus, the next lowest 
dose level (15 ppm (0,48 mg/kg/day), becomes the NOEL. This 
would conform to the TSCA Test Guidelines, which advise that the 
intermediate dose produce a low level of toxicity, and there be a 
gradation of effects from the appropriate spacing of doses. 

Attachments 

• 

-10- 53 



~ -:-7 - • "" 006718 

ATRAZINE TECHNICAL: 52-WEEK ORAL FEEDING STUDY IN DOGS !HIN 852008} 

TABLE 1.1. 

Su..ary iaeidenee of ~rtality and eliaic1l aiana1 

Sex: Halu r-leo 
Group No.: 1 2 3 toGo I i~- 3 " Dote (ppo~): -~~- ~ 150 -0- ""i5i 1000 

No. of Doaa : 6 4 4 6 6 4 4 6 
Obarrv1tiona 

Horulity 
S•crificed .aribund 0 0 1 1 0 0 0 I 

Abda.en diatended 0 0 0 0 0 1 0 0 

Absce11 w/wo di•charae 0 0 0 1 0 0 0 0 

Alopecia 1 0 0 0 0 0 0 I 

Atcileo 0 0 0 1 0 0 0 I 

Blood fro. penia 0 0 1 0 0 0 0 0 

Cacbexil 0 0 1 0 0 0 0 1 . 
DeruUtil 1 1 1 I 2 0 2 2 

With ICibl 0 0 0 I 0 0 0 1 
with aore 0 0 0 1 0 0 0 1 

EMail I 2 2 '3 0 3 1 3 
with food 1 0 1 0 0 0 0 0 

Fecet: blood 4 0 2 3 3 2 0 2 

diarrhea 3 0 1 0 1 2 2 ?. 
... cold 3 3 3 6 5 3 3 4 
lOft 3 2 2 2 I 3 1 2 

··-
Hypoacti vi ty 2 0 I 2 0 0 0 1 

Labored bretthioa 0 0 0 I 0 0 0 0 

Li ... 0 0 0 1 0 0 0 0 

Hioail I 0 0 0 0 0 0 0 

Hydri11il 0 I 2 0 0 0 1 1 

Ned diacharae - locatioa llft•nove 0 0 0 1 0 0 0 0 

Ned ditcbara• - vaaiaal 0 0 0 0 I 0 0 0 

Reduced pupilltry r11poa11 0 2 3 1 0 0 2 I 

Ptoail 0 0 0 0 0 0 0 1 

Selivttion l 0 0 0 0 0 0 0 

Sub 0 0 0 l 0 0 0 0 

Shallow breatblaa 0 0 0 I 0 0 0 0 

lore I 0 0 0 2 l l 1 

Swollen appeadaae I 0 0 0 I 0 l 0 

"tb. iacideaca re,orted il baae• oa tbe ..... r of aat..la diaplaJi .. the cliaical ,, .. oa at laaat ... 
occaaioa duriDI tbe atudJ. . 

' 0 
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ATRAZINI TECHNICAL: 52-WEEX ORAL Fl!DIMG STUDY IM DOGS (KIM 152008) 

'I'ABLE 8.2. 

Mean body ve11bt cban1~ durin1 tbe 52-week doainl period1 

Male a Feu lea 
Doae Bo~ Wei1bt ~kl~ Perceat6 

Bod! Weiabt 'k·~ 'Group (ps-) laaeiiae Week ·2 Cbaa1e laaetiaa-;geek ·2 

1 0 8.0 11.7 +46.6 7.3 9.9 

2 15 7.6 11.6 +52.5 6.8 9.9 

3 150 8.4 11.5 +36.8 7.0 9.5 

4 1000 7.2 9.4 +29.7c 6.9 1.3 

aTbeae data are taken directly fro. tbe co.puter priatout. 

bRelative to tbe baaeliae body wei1ht. 

cp < 0.05 uaia1 a two tailed Duaaett T teat. 

' 

F7/17 (HIM 852001) 

Perceat6 
Cban1e 

+35.6 

+44.8 

+35.9 

+21.5 
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ATRAZIKI TECHNICAL: 52-W!!K ORAL F!EDIHG STUDY II DOGS (KIM 852008) 
PATIOLOGf IIPOIT 

Gro~l! 1 
1 
2 

3 
4 
5 

6 

Gro~l! 2 
7 
8 
9 

10 

Gro~l! 3 
11 
12 

13 
14 

Grog 4 
15 

Table 3 

Groaa cardiac cbaaae• obaerved ia doa• e~tbaaized at 
the ead of tba doaiaa period 

Kale HilMer Feule HilMer 

~0 1!2!~ 
Nou 21 lipt atriua, aiaiul 
lipt atriua, ainiul dilatatioll 

dilatatioll 22 Nou 
Noae 23 lipt atriu., aiaiul 
N011e dilatatioll 
Left atriua, ailliaal 24 Nou 

dilatatioll 25 lou 
liaht atriua, ailliul 26 Nou 

dilatatioll 

~15 1!1!!~ 
None 27 lou 
None 28 Nou 
Nou 29 li&ht atriu., aiaiaal 
Noae · dilatatioll 

30 Nou 

pso ee•l 
Non 31 Atria (2), aiaiul 
liaht atriua, aoderate dil1tatioll 

dilatatioll 32 Nou 
Left atriua, aioiaal 33 !lone 

dilltation 34 lipt atriua, ailliaal 
Left ••ntricle, epicardiua 

pale lelioll 
Nou 
(lady Death) 

dilatatioll 

~1000 D-~ 
Heart, ealaraed QDd aoft; 35 liaht atriwa, aoderate 

pericardiua, fl~id; riabt dilatatioa 
atriua, aoderate dilatatioa; Left atriua, aiaiaal 
left atriu., ailliaal dila- dilatatioll 
tation; left 't'eatricle, pale 
leaioll 

(Colltillud) 
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ATRAZIII TICINICAL: 5Z·WIII ORAL FIIDING STUDY IN DOGS (HIM 852001) 
IATIIOLOGt iiPOft 

Table 3 (coat.) 

Gro11 cardiac cbaaae1 obaerved ia dOll eutbaaized at 
tbe ead of tbe doliDI period 

Hale Nll8ber 

GroUD 4 (1000 ppa) (coat.) 
16 (Early Death) 
17 Riabt atriu., Ievere 

dilatatioa; left atriua, 
•iat.al dilatatioa 

11 Riabt atriu., ~derate 
dilatatioa; left atriua, 
•iat.al dilatatioa 

19 Heart, ealaraed aad 1oft; 
atria (2), 1evere 
dilatatioa 

20 Nou 

07/2 (HIM 152008) 

36 liabt atriua, .oderate 
dilatatioa; left atriua, 
•iat.al dilatatioa 

37 Atria (2), Ievere 
dilatatioa 

31 liabt atriua, .oderate 
dilatatioa; left atriua, 
•iat.al dilatatioa 

39 (Early Death) 
40 Riabt atriua, al.at.al 

dilatatioa; left atriu., 
~derate dilatatioa 

• 
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Table 4 

Su..ary of aroaa fiadiaa• 

SIX: HALES n:HAtlS 
GROUP: 1 2 3 4 1 2 3 4 

NUMBIJt OF ANIMALS UAIIIIIID: 6 4 4 6 6 4 4 6 

ORGAif OR SITE 

HEART 
Dilatatioa 1 
Ealaraed 2 
Texture, aoft 2 

IIEAltT • LU'l' ATRil.IM 
Dilatation 1 1 4 1 5 

IIEAltT - LEFT VUTRICLE EPICARDil.IM 
Lelioa, pale 1 

HEART • LEFT VUTRICLI IIYOCARDil.IM 
Leaion, pale 1 

HEART • PERICARDIUII 
Contenta, fluid aubatance 1 

HEART • RIGHT ATRIUII 
Dilatation 2 1 4 2 1 2 5 
Color, red 1 

HEART - RIGHT ATRIUII EPICAIIDIUH 
Coatenta, fluid aubatance 

·~ 
1 

KIDNEY 
Hottled 1 

LIVII 
Adheaiou 1 
Color, dart.r than nor.al 1 
lalaraed 1 
Teature, fim 1 

LUlfGS 
Color, pallid 1 
Leaion, dark 1 
Leaion, red 1 1 

• Leaion, tan 1 
Leaion, white 1 1 

(Continued) 
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Table 4 (coat:.) 

Su.aary of aro•• fiadiaa• 

SIX: IWIS RKALIS 
GIOUP: 1 2 3 4 1 2 3 4 

NUtlllll or AIIIIW.S EXMIMID: 6 4 4 6 6 4 4 6 

ORGAII OR SITI 

LYMPII NODI • AXILLARY 
IAlnaed 1 

LYHPII NODI • K!DIASTIIW. 
Color, red 1 
Ealnaed 1 

LYMPII NODI • KESEmiiC 
Color, red 1 1 
Ealaraed 1 1 
Texture, aoft 1 

PERITOIIEAL CAVITY • G1H1RAL 
Coateata, clear aubataace 1 
Coateata, fluid aubataace 1 1 

PITUITARY 
Cyatic 1 

PREPUCE • EPIDIIUtiS 
Lllioa 1 

PROSTATE 
S..ller tbaa aor.al 1 

SKELETAL lfllSCLI • IliAD 
Lf11ioa, wlaite 1 

Sill 
IAiioa, red 1 

Sill • AIDOitlll 
Leaioa, red 1 

Sill • HICK 
Lelioa 1 
Lelioa, red 1 

Sill • POSTAPPE!IDAGI 
Leaioa 1 
Left avollea 1 

(Coatiauad) 5U 
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Table 4 (cont.) 

Su.aary of 1r011 findin11 

SEX: lW.ES 
GROUP: 1 2 3 

HUMBER OF AHIIIALS EXAIUN!D: 6 4 4 

ORGAII OR SITE 

SliM • SHOULDERS 
Lelion 

SPLEU 
S..ller tban no~l 

TESTIS 
Dark le1ion1, bileterel 1 

· nmrus 
Content•, fluid 1ub1tance 1 

llltiiiAR! BLADDII 
Calculi 
Color, red 
Thickened 

G7/2 (ftllf 852001) 
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FEIW.ES 
4 1 2 3 4 
6 6 4 4 6 

1 

1 

1 
1 
1 
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Su.aary of •icroacopic obaervationa 

SU: ,KALIS I'I!IALU 
GROUP: 1 2 3 4 1 2 3 4 

DOSI LEVEL (Pl'tt) : 0 15 150 1000 0 15 150 1000 

OllGAII OR SITE (*) 

AD1WW. (6) (4) (4) (6) (6) (4) (4) (6) 
AORTA (6) (4) (4) (6) (6) (4) (4) (6) 
BOlli • PIIAWGIS POSTERIOR 
LEn 

(0) (0) (0) (1) (0) (0) (0) (0) 

Proliferation 1 
BONE tWUlOW (6) (4) (4) (6) (6) (4) (4) (6) 
BRAIII (6) (4) (4) (6) (6) (4) (4) (6) 
CICtl!l (6) (4) (4) (6) (6) (4) (4) (6) 
COLOI (6) (4) (4) (6) (6) (4) (4) (6) 
DUODilftiK (6) (4) (4) (6) (6) (4) (4) (6) 
EPIDIDYMIS (6) 

Focal Acute Purulent 
(4) (4) (6) (6) (4) (4) (6) 

Infla-.tion 1 
ESOPHAGUS (6) (4) (4) (6) (6) (4) (4) (6) 
EYE (6) (4) (4) (6) (6) (4) (4) (6) 
GATLBLADI)U (6) (4) (4) (6) (6) (4) (4) (6) 

Edaa 1 1 1 

RIART • COIOIAII All'l'IRY (6) (4) (4) (6) (6) (4) (4) (6) 
lecrolic 1 
Periarteritia Nodoaa 1 
Focal Subacute Ly.pbocytic 
Iafl-tioa 1 

IIIAIT • Lin' ATRI111 lfYOCMDitll (6) (4) (4) (6) (6) (4) (4) (6) 
!daa 1 
Focal !daa 1 
Fatty Iafiltration 1 1 
Focal Atropby 2 5*** 
lfJolylia 3 6*** 

(Continued) 
*a(Muaber of Tiaaues.Ex .. ined) 61 **-Statistically Siaaificaat at p ! .OS 

***-Statistically Sianificaat at p ! .01 
G7/2 (Mill 152001) 
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Table 5 (collt.) 

Su.aary of aicroacopic obaervatiolll 

SIX: 
GROUP: 

DOSE LEVEL (PPK): 

ORGAif OR SITE (*) 

HEART • MYOCARDIUM 
lfecroli1 

(6) 

Focal Subacute Lyaphocytic 
Illfl-tiOil 

HEAIT - PAPILLARY 11\JSCLE 
tlyolyai1 

(6) 

HEAIT • RIGHT ATRIUM EPICARDIUM (6) 
Ed-
Tllicltellld 

HEART • RIGHT ATRIUM MYOCARDIUM (6) 
Edaa 
Focal Ed-
Focal Atrophy 
tlyoly1i1 

HEART-RIGHT VEifTRICLE ARTERIES 
Periv11c:ular Cuffilll 

(6) 

ILEUit (6) 
JEJUNUII (6} 
KIDifEY • PAPILW DUCTS 

Focal Calcificatioll 
(6) 

LIVU (6) 
Focal Subacute tyapbocytic 

IRfl-tioR 
Tel ... iectaail 
Fibroli• 

LIVU • LOBULI CllfTIO (6) 
Focal lllllorrbaae 
Focal lfecro1i1 

1 
0 

*=(lfuaber of TiiiHI Ex .. i~aed) 
**=Statiatically Siaaificaat at p < .05 

***=Statiatically Silllificallt at p ~ .01 

G7/2 (KIIf 852008) 

KALIS 
1 3 4 
15 150 1000 

(4) (4) (6) 
1 

1 
(4) (4) (6) 

1 
(4) (4) (6) 

1 
1 

(4) (4) (6) 
1 

5*** 
4** 

(4) (4) (6) 
1 

(4) (4) (6) 
(4) (4) (6) 
(4) (4) (6) 
1 

(4) (4) (6) 

1 
1 
1 

(4) (4) (6) 

1 1 3 4 
0 15 150 1000 

(6) (4) (4) (6) 

(6) (4) (4) (6) 

(6) (4) (4) . (6) 

(6) (4) (4) (6) 
1 
1 
5*** 
4** 

(6) (4) (4) (6) 

(6) (4) (4) (6) 
(6) (4) (4) (6) 
(6) (4) (4) (6) 

(6) (4) (4) (6) 

(6) (4) (4) (6) 
1 
1 

(COiltillued) 
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Table 5 (coat.) 

Su..ary of aicroacopic obaerratioaa 

SD: ltALU I'IIWIS 
GROUP: 1 2 3 4 1 2 3 4 DOll LIVIL (PPtl) : 0 15 150 1000 0 15 150 1000 

ORGAN OR SITE (*) 

LIVER • SEROSA (6) (4) (4) (fl) (6) (4) (4) (6) Fibrolia 1 
LUJIGS (6) (4) (4) (ti) (6) (4) (4) (6) Acute Putuleat Iafl .... tioa 1 

Broacbopaauaoaia 1 1 1 
Focal Coaaeatioa 1 
Focal Beaorrbaa• 1 
Focal Subacute Lyapbocytic 

Iafl .... tioa 1 
Foreip Body 1 

LUJIGS • ALVIOLAR SEPTA (6) (4) (4) (6) (6) (4) (4) (6) Focal Acute Puruleat 
Iafl .... tioa 1 

Fibrolia 1 
LUJIGS • ALVEOLI (6) (4) (4) (6) (6) (4) (4) (6) Focal Acute Puruleat 

Iafl .... tioa 1 
Beaolideroaia 1 

LUJIGS - CltPS1ILl (6) (4) (4) (6) (6) (4) (4) (6) Fibroaia 1 
Focal Subacute Lyapbocytic 

Iafl .... tioa 1 
LYMl'll lOIII - AlltLAR! (6) (3) (3) (5) (6) (4) (4) (6) 
LYMl'll lOIII • IIIDIASTINAL (0) (0) (1) (0) (0) (0) (0) (0) Serou Iafl .... uoa 1 
LYMl'll lOIII • IUDTDIC (6) (4) (4) (6) (6) (4) (4) (6) Coapatioa 1 

Serou Iafl .... tioa 1 1 
KAHKAIY GLAID (aee Skia•Kiaaae) 

( Coauauad) 
._(lu.ber of Tiaau.a Exaaiaed) 

**-Statiatically Sipificaat at p ~ .05 63 *"""-St.atiatically Siaaifical!.t. at p ~ .01 

07/2 (HIM 852008) 
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Table 5 (coDt.) 

Su..ary of •icroacopic obaervatiODI 

SU: lW.II RHALIS 
CROUP: 1 2 3 4 1 2 3 4 

DOS! LIVIL (PPK) : 0 15 150 1000 0 15 150 1000 
ORGAN OR SITI (*) 

HISIMTIRY • ARTERIES (6) (4) (4) (6) (6) (4) (4) (6) 
Medial FibriDoid DeaeaeratioD 1 
Mecroail . 1 
Periarteritia Modo•• 1 
Focal Subacute L,.pbocytic 

Illfl-tioD 1 
Tbro.boail 1 

. OPTIC MDVI (6) (4) (4) (6) (5) (4) (4) (6) 
OVARY (6) (4) (4) (6) I .. ture 1 
PANCREAS (6) (4) (4) (6) (6) (4) (4) (6) 
PARATIIYllOID (6) (4) (4) (6) (6) (4) (4) (6) Cyltic 1 1 1 
PITUITARY (6) (4) (4) (6) (6) (4) (4) (6) Cyltic 1 1 1 2 
PREPUCE - EPIDUIIIS (6) (4) (4) (6) (6) (4) (4) (6) Focal CbroDic Lyapbocytic 

IDfl-tiOD 1 
PROSTATE (6) (4) (4) . (6) 
RICTIIf (6) (4) (4) (6) (6) (4) (4) (6) 
SALIVAII GI.AJID (6) (4) (4) (6) (6) (4) (4) (6) 
SCIAtiC IIIIVI (6) (4) (4) (6) (6) (4) (4) (6) 
SIIJ.ITAL IIVICll - THIGH (6) (4) (4) (6) (6) (4) (4) (6) 
SDLITAI. ltUICLI • IliAD (0) (0) (1) (0) (0) (0) (0) (0) 

Subacute IJperplaatic 
Iafl-tioD 1 

(CODtilllled) 
*-(Ku.ber of Ti11ue1 huliud) 

**-Statiatically SiaaificaDt p < .05 
***-Statiatically Si&Dificaat p ~ .01 

07/2 (MIX 152001) 64 
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Tabla 5 (coat.) 

Su.aary of •icroacopic obaarvatioaa 

SIX: !lALII PIHAI.IS 
GROUP: 1 2 3 4 T 2 3 4 

DOS! U:VIL (PP!t) : 0 15 150 1000 0 15 150 1000 
OIGAX.OR SITE(*) 

SIIJf • DUMIS ABDOttiJf (6) (4) (4) (6) (6) (4) (4) (6) 
Focal Su)ac~t• Ly.pbocytic 

Iafl ... tioa 1 
Sill • IPIDIIUtiS SBOULDIIS (O) (O) (0) (1) (0) (0) (0) (0) llyparplalia 1 

Parauratoaia 1 
o..odax Follic~loru. 1 

. Sill • DDKIS SIIOULIIIRS (0) (0) (0) (1) (0) (O) (O) (0) 
Focal Su)ac~t• Ly.pbocytic 

Iafl ... tioa 1 
mx- IWitAI (6) (4) (4) (6) . 

Fuactioaal llypartropby 1 1 2 1 
m1 • IIICI (0) (O) (0) (1) (O) (0) (0) {0) 

De•~•• Folli~~loru. 1 
SIIJf • POITAPPIID LilT (0) (0) (O) (1) (0) (0) (0) (0) 

Acuta Purul .. t Illfl-.tioa 1 
Ulcar 1 

SPIIAL COlD (6) (4) (4) (6) (6) (4) (4) (6) 
SPLIIII (6) (4) (4) (6) (6) (4) (4) (6) 

Coutricti• 1 
a.oaiderolia 1 

SPUD • liD PUtr (6) (4) (4) (6) (6) (4) (4) (6) 
... aideroail 2 2 

Sllllill (6) (4) (4) (6) (6) (4) (4) (6) 
SfOIW:I (6) (4) (4) (6) (6) (4) (4) (6) 

( CoatiiUIICI) 
*a(lu.ber of Tila~ .. luaiud) 

**-Statiatically Silllificaat at p ! .05 
***-Statiatically Si&~~ificaat at p ! .01 

65 
G7/2 (MIX 152001) 
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Table 5 (coat.) 

Su..ary of aicroacopic obaerratioaa 

SIX: KAioll FIHAUS 
GIOUP: 1 2 3 4 1 2 3 4 

DOSI LIVIL (PPtl) : 0 15 150 1000 0 15 150 1000 
ORGAN 01 SITI (*) 

TESTIS (6) (4) (4) (6) 
Bypoaper.atoaeaeaia 1 
Focal BeaDrrbaae 1 
Focal Acute Purulaat 

Iafl-tioa 1 
Focal Coaaulative Mecroaia 1 

TOJIGUI (6) (4) (4) (6) (6) (4) (4) (6) 
THYMUS (6) (4) (3) (6) (6) (4) (4) (6) Atropby 1 

Cyatic 1 1 1 
nmtus • AITDIU (6) (4) (3) (6) (6) (4) (4) (6) 

Fibriaoid De .. aeratioa 1 
Periarteritia Modoaa 1 

THYROID (6) (4) (4) (6) (6) (4) (4) (6) Aa.lly 1 
TII!IOID • II'I'D8TITIAL CIU.S (6) (4) (4) (6) (6) (4) (4) (6) Hyperplaaia 1 
TRACHEA • IPITIIILiutt (6) (4) (4) (6) (6) (4) (4) (6) Focal Acute Hucoua 

Iafl-Uoa . 1 

IIRIIIAII II.A'DI • lPITBILiutt (6) (4) (4) (6) (6) (4) (4) (6) 
.,.rplalia 1 

IIRIDI1' W'DI • IIICI (6) (4) (4) (6) (6) (4) (4) (6) Ulcer 1 
IIRIIIAII ILA"D • SUIIIJCOSA (6) (4) (4) (6) (6) (4) (4) (6) 

Cbroaic Lfltbocytic 
lafl-Uoa 1 

Ideal 1 

(Coatiaued) 
.. (Mu.ber of Tiaauea Ex .. iaed) 

**-Statlatically Siaaificaat at p ~ .05 
***-Statiatically Siaaificaat at p < .01 66 
G7/2 (KIM 152001) 
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PGO,BI OF"OS 

Table 5 (coat.) 

Su..ary of aicroacopic obaervatioaa 

SU: 
GROUP: 

DOSI LIVlL (PPII) : 

ORGAN OR SITE (*) 

UTUUS 

ti!UUS • HORN 
Noraal Preaoaacy 

VAGINA 

1 2 3 4 
0 15 150 1000 

*-(NUabtr of Ti11uea luaiud) 
**-Statiatically SiSDificaat at p ~ .05 

***-Statiatically Siaaific;ct at p ~ .01 

G7/2 ("IN 852001) 

1 2 3 4 
0 15 150 1000 

(6) (4) (4) (6) 

(6) (4) (4) (6) 
1 

(6) (4) (4) (6) 
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UNITED STATES ENVIRONMENl'AL PROTECTION AGENCY 

WI\SHINGTON, D.C • .i:O·~~~ 

Mar 24,1988 
MEMO RANDOM 

SUBJECT1 Atrazine, Review of Dermal Absorption Studies 

T01 Judith Hauswirth Ph.D 
Section Head 
Revi~~-c~n _yr--, . _, /; 1_1 /;J t. 

Robert".~:· ---nftliz-r;~- PhD__, · FROM I 
Senior Pharmacologist 
Toxicology Branch 
HED (TS-769) 

Compound! Atrazine 

Registration 1100-529 

Accession 1404313-08&-11 

Action Requested 

Review the following studies 

Tox Chern 163 

Registrant, Ciba-Geigy 

Tox Project t8-0320A 

006718 

Dermal absorption of 14c-Atrazine by rats (general metabolism), 
G,J, Marco, Biochemistry Dept., Agricultural Division, Ciba-Geigy 
Corp, Study No. ABR-830057 5/16/83, MIRD 404313-11. 

Dermal absorption of 14c-Atrazine by rats (general metabolism), 
T. Murphy, Bioche•istry Dept., Agricultural Division, Ciba-Geigy 
Corp, Study No, ABR-870987 11/6/87 1 MIRD 404313-08. 

This docu•ent contains the following report which 
describes the in life portion of the study, 

Dermal absorption of 14c-Atrazine in Rats, E.M. Craine, WIL 
Research Laboratories, Project No. WIL-82015, 11/5/87. 

Conclusions 

Study No. MIRD 404313-11 

Core Classification .unacceptable 

In general the report was so poorly written as to make 
it impossible to determine the experimental design while the 68 



Data Evaluation Report 0067.18 
compound Atrazine 

Citation 

Dermal absorption of 14c-Atrazine by rats (general 
metabolism), G.J. Marco, Biochemistry Dept., Agricultural 
Division, Ciba-Geigy Corp. Study No. ABR-83005; 5/16/83, MIRD 
404313-11. . 

. ~~~::.:? ? /S-t;/Y:y 
Reviewed by Robert P. ~Ph.D. 

Senior Pharmacologist 

Core Classification Unacceptable 

conclusions 

In general the report was so poorly written as to make 
it impossible to determine the experimental design while the 
methodology lacked sufficient detail to allow evaluation. 
However, deficiencies were id~ntified that are sufficient to 
invalidate the study. These include the following, 

1. compound was applied in ethanol, not in the field 
solvent. Since the dermal absorption of a compound is dependent 
upon the solvent, use of the wrong solvent will produce 
unusable data. 

2, The application site was not covered allowing material 
to flake off. This would both decrease the amount of material 
available for absorption and contaminat3 the urine and feces. 

6U 
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methodology lacked sufficient detail to allow evaluation, 
However, deficiencies were identified that are sufficient to 
invalidate the study, These include the followinQJ 

1. Compound was applied in ethanol, not in the fielrt 
solvent. Since the dermal absorptioc of a compound is dependent 
upon the solvent, use of the wrong solvent will produce 
unusable data, 

2. The application site was not covered allowing material 
to flake off. This would both decrease the amount of material 
available for absorption and contaminate the urine ana feces. 

Stuay No, MRID 404313-08 

core Classification Acceptable 

Atrazine in 4L formulation is absorbea in relatively 
small amounts through the skin. Typical values are 2.00, 0,53 
ana 0,26 \ for 10 hour exposures to doses of 0.01, 0.1 or 1.0 
mQ/cm2, Significant quantities remain on the skin after 
washing with soap ana water (24.87, 21.10 ana 10,49 \), No 
significant differences in absorption were observea between 
the 4L and BOW formulations testea at 1.0 mg/cm2 for 10 
hours. The data inaicate that absorption is approaching 
saturation at the high dose, 

Attachments 

DERs 
One-Liner 

70 
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Data Evaluation Report 006718 
compound Atrazine 

Citation 

Dermal absorption of 14c-Atrazine by rats (general 
metabolism), T. Murphy, Biochemistry Dept., Agricultural 
Division, Ciba-Geigy Corp. Study No. ABR-870981 ll/6/87, MIRD 
404313-08. 

This document contains the following report which 
describes the in life portion of the study; 

Dermal absorption of 14C-Atrazine in Rats, E.M. Craine, 
WIL Research L~~~ Project No~ WIL-82015, 11/5/87. 

Reviewed by Robert p, zeiilf~l, Ph.D; / ~ f /J I 
senior Pharmacologist 

Core Classification Acceptable 

Conclusions 

· Atrazine in 4L formulation is absorbed in relatively 
small amounts through the skin. Typical values are 2.00, 0.53 
and 0.26 \ for 10 hour exposures to doses of 0.01, 0.1 or 1.0 
mg/cm2. Significant quantities remain on the skin after 
washing with soap and water (24.87, 21.10 and 10.49 \). No 
sigr:'.ficant differences in absorption were observed between 
the 4L and BOW formulations tested at 1.0 mg/cm2 for 10 
hours. The data indicate that absorption is approaching 
saturation at the high dose. 

Materials 

Artazine uniformly ring labeled, 
• 

low and mid doses 
22.0 uci/mg, 99.5\ 

high doses 
2.3 uCi/mg, 99.0\ 

Crl:co•BR male rats 27-41 days old from Charles River 
Breeding laboratories 

Experimental design and methods 

Dose preparation and sample analysis was performed at 
ciba-Geigy and the in life portion of the study at WIL. 

"The low dose was prepared by mixing throughly 4.0 mg of 
14c-Atrazine and 5.3 mg of the formulant (4L), then suspending 
the mixture in 2.0 ml of deionized water. The middose was 

71 
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prepared by mixing 40 mg of 14c-Atrazine and 53.0 mg of blank 
formulation (4L) and then suspending the mixlure in 2.0 ml of 
deionized water." 

"The 4L high dose formulation was prepared by mixing 
throughly 530 mg of formulant and 400.0 mg of 14c-Atrazine, 
then suspending the mixture in 4.0 ml of water. The BOW high 
dose was prepared by mixing 200.0 mg of 14c-Atrazine and so.o 
mg blank formulant, then suspending the mixture in 2.0 ml of 
deionized water. 

Two groups of 16 and one group of 20 male rats were 
treated dermally with single doses of 14c-atrazine at 
0.1, 1.0 and 10.0 mg/rat (0.01, 0.1 and 1.0 mg/cm2) 
respectively. Four animals at each dose were dosed with 4L 
formulation and exposed for 2, 4, 10 and 24 hours. The 
remaining four animals at 10.0 mg/rat were dosed with BOW 
formulation and exposed for 10 hours. 

"The test material preparations were stored frozen, 
warmed tq room t~mperature and sonicated 10 minutes prior to 
analysis and dosing on the appropriate test material application 
day." 

The anterior dorsal hair was shaved from each rat and 
the area washed with acetone 24 hours prior to dosing. Test 
material was applied to a 2.5 x 4 em (10cm2) area by pipette. 
The application site was covered with a protective device 
consisting of a stomahesive bandage as a wall and a filter 
paper cover. 

Animals were individually caged in metabolism cages and 
total urine and feces collected. 

Animals were sacrificed at the end of the exposure period. 
The protective device was removed and washed. The application 
site was washed with a detergent solution and water rinsed. 

Blood, application site skin, skin under the bandage 
and the carcaaa were collected. 

The following samples from each animal were sent to Ciba­
Geigy for analysis, 

"pipet washes, ur.tne, recea, waahea, extracts, samples from 
the protective coverings, gauze, blood, akin samples and 
carcasses," 

Results 

sample analysis ror radioactivity a~ WIL indicated that 72 
dosing suspensions were homogenous and or the expected activity. 

No compound-related effects on the rata were reported. 
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Dermal absorption data is summarized in Table 1 below 

and presented in detail in Tables III - VI of the report.· 

Table 1. summary of dermal absorption data. All values are 
means of 4 animals. All animals dosed with 4L formulation 
except as noted. Data from Tables III - VI of the report. 

DOBe EXIlOI!Iure Absorbed. On ski!Jb Unabsorbed.. 
<llij/Ciil2 ) (hours) <•> <Vhrl tmgxlo-5> <•> <•> 

0.01* 2 0.68 0.34 6 23.53 77.25 
o.oo9t 4 1.24 0.31 11 20.56 71.88 

10 2.00 0.20 18 24.87 69.51 
24 4.93 0.21 44 20.72 69.02 

0.1 2 0.21 o.u 20 25.06 71.55 
0.095 4 0.36 0.09 34 18.97 75.72 

10 0.53 0.05 50 21.10 78.93 
24 1.26 0.05 119 29.04 67.43 

1.0 2 0.13 0.06 107 11.24 88.67 
0.82 4 0.09 0.02 74 14.69 88.00 

10 0.26 0.03 213 10.49 89.29 
24 0.21 0.01 172 9.58 91.03 

1.0 BOW 10 0.24 0.02 244 8.81 89.15 
1.02 
* Naninal dose. 
t Applied dose. 
a. Total of blood, carcass, urine ard feces. 
b. Total of skin I and skin II. 
c. Total of ban5age ril'8e, bridge ril'8e, paper riJWe, liOIP 

ri.nae, water rinse, gauze A, gauze B and cage wuh. 

Discussion 

The percent of doae absorbed followed the most common 
pattern of absorption with the percent increasing with time 
and decreasing with increasing dose. Significant quantities 
of teat material re•ained on/in the skin following aoap and 
water wash. There are clear indications that the proceaa ia 
approaching saturation at the high doae in thatr 

1. The percent absorbed per hour decrea~ed with ti.a in 
each dose and the proportionate decrease waa larger with 
increasing dose. 

2. Aa the doae increased the total quantities abaorbed 
73 increased proportionately lesa per doae increase. 

3. The quantity on/in the skin increaaed ten fold fro• 
0.01 to 0.1 mg/cm2 but only five fold rrom 0.1 to 1.0 ~/c•2, 
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For regulatory purposes the test material which remains 

on/in the skin after soap and water wash is considered 
absorbable. For risk assesments the percent absorbed is 
added to the percent on/in the skin to determining quantity 
absorbed. However, the possibility exists that the relatively 
large quantity remaining on/in the skin is an artifact of the 
experimental procedure. A recent study, designed to determine 
if the material remaining on/in the skin after washing could 
be absorbed, showed that 2 to 3 times more material could be 
washed from the skin of living animals then from the skin of 
recently sacrificed animals. In this study the animals were 
sacrificied before washing the application site. 

This possibility may be tested by treating 4 animals per 
dose for 10 hours exactly as was done in this study but 
washing the appliction site before sacrificing the animals. 
The ten hour exposure time is suggested as modeling a worker 
who washes at the end of the working day. 
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rraqtiog 

lloo..& 0.11 
Carcaaa 0.51 
V1'1ne 0.06 
recea 0.00 

0.11 
1Jc1n I 20.53 
1Jc1n II 3.00 
z. 1Jc1n )3.!3 

Abaor.,ec&' 24.21 

·~ .. e lt1n•• 0.04 
lriclfe ltinae 0.16 
Paper 11nae 0,07 
loap linae 61.46 
Water lt1nae 5.34 .... ~ 0.01 
O.uaeA 1.96 
O.uael 0.07 c... WaaJl 0.14 

Vftuaorbed1 71.25 

Total &•c 101.46 
leccwerad 

o.o1 
1.04 
0.12 

+I 
11.1( 

1Hi 
21.10 

0.07 
0.01 
0.27 

63.99 
5.71 
0.01 
1.61 
0.07 
0.07 

71.11 

93.61 

006718 
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AD•I7091 
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0.10 0.14 
1.37 1.93 
0.53 2.53 

+I -HI 
22.33 11.31 

*" 
2.34 

26.72 
26.17 25.65 

0.01 0.21 
0.03 0.03 
0.23 0.55 

61.40 59.74 
5.61 6.05 
0.02 0.01 
1.10 1.19 
0.09 (1,10 
0.17 ..2.:.!t 

61.51 69.02 

96.31 94.67 

'•• ot t:!ae blo041, 
alc1n u. cuc:ua, l&l'ifte, tecea, ak1n I, Uld 

••• ·of ~ ._.._. riAae, bl'i419e rinae, ,.,. .. l'inae, 
ao., rinae, water r1nae, paper, f&uae A, .. ,auae 1, UMI 
c ....... 

111e• ot 101&1' aaiaala per tiM poiat. 
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rzoaction 

llood 0.01 
Cue••• 0.11 
Ozoifte 0.02 
recea o.oo 

d.ii 
IJlift I 20.71 
IJlift U d:H I 11cift. . 
Alllaozobecl' 25.27 

IIIDdlliP lillae 0.31 
lzoidqo liftao 0.01 
rapezo liftao 0.02 
loep I~•• 61.53 
Watezo lillae '6.87 ,.,.Z' o.oo 
O.uoA 2.51 
Oauao I 0.16 
C8ipWau 5!:5!~ • 
VDabaorbecl1 71.55 

Total ' 4C H.l2 
leccwo~ed 

'tu. of tbo ~lood, 
' IIliA U, 

c:ucua, 

0.01 
0.21 
0.06 

-HI 
15.27 
3.70 

11.17 

11.33 

1.05 
0.25 
0.02 

66.66 
5.27 
o.oo 
2.31 
0.10 
5!·5!~ 

75.72 

15.05 

\II' iDe, 

. 006718 
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AU.-17091 
Paqe 17 of 46 

0.01 0.03 
0.31 0.60 
0.1. 0.51 
0.00 0.05 
0.15 1.21 

15.31 26.75 
5.71 ,HI 21.16 

21.63' 30.30 

0.05 1.21 
0.01 0.01 
0.05 0.10 

70.16 57.28 
5.23 7.37 
o.oo 0.01 
2.50 1.27 
0.10 o.ot 
0.0! o.ot 

71.13 67.63 

100.56 17.73 

fecea, allift 1, Uld 

11uia of tbo ~ ....... ~ta.o, lt~idfo l'iuo, papel' zoU..o, 
aoap l'iftae, water l'iuo, paper, t..ao A, tauao 1, IDd 
c: ... VIA • 

.... of fOUl' •iaal• ,... ''- poia\. 
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rncttcm 

lloocl 0.01 
cucu. 0.12 
Ul'iae o.oo 
rece• +.! 
IJciD I 7.09 
IJciD n tHi l IJliD 

Ml•ol'bed' 11.37 

IIDCI~~te Jtlll•e 1.60 
ll'iqe liue 0.02. 
•apel' liue 0.01 
loap ltiue 76.U 
Watel' ltiatle 4.19 • ..,.1' o.oo 
Gause A 2.H 
Gause I 0.01 
C~~te Wula 0.01 

UDU80I'JM411 11.67 

'l'otal ••c 100.04 
lec~l'ed 

o.oo 
0.01 
0.01 

+I 
1.10 

tHI 
U.71 

4.1. 
.0.02 
o.oi. 

76.91. 
3.97 
o.oo 
2.10 
0.07 
0.01 

11.00 

102.71 

006718 
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AU-17091 •llf• 11 of 46 

o.oo o.oo 
0.2. 0.13 
0.02 0.07 

+.R +if 
6.M 6.51 

H +I 
10.71 9.71 

5.75 5.23 
0.05 0.00 
0.02 0.02 

77.12 77.36 
3.11 5.16 
o.oo o.oo 
2.31 3.16 
0.04 0.01 
0,05 0.02 . 

lt.2t 11.03 

100.04 100.12 

'~ ot t!&e blood, 
alliD u. cueua, uiatl, feco•, alliD :a:, aDd 

11• of t!&e biiDII ... l'iDao, 1111'1 ... l'iDae, ,,.... l'iatlo, 
•• ., l'iallo, watu l'iDao, ,.,. .. , 911U80 .A, •-• I, IIIMI 
e ... wula • 

.... of fCNI' •illal• pol' tiM poiDi:, 
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Urine 
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Skin % 
1111n n 
z llcin 

~•ozoJMd& 

luclfl9•. a in•• 
lridqe ain•• ,.,.1' a1nee 
loap ain8e 
Watezo a1nee ...... 
oauaeA 
oauael 
cave wan 
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Total & •c 
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AR•I7091 
•av• 19 of 46 

Bi!Jl D!J! (10.0 •lJ!.at) 
ozwu\ai1oa 

!It lOW -. o.oo o.oo 
0.24 0.22 
0.02 0.02 

-HI -Hi 
'·" 4.61 

tHI I:U 
10.75 9.01 

5.75 0.51 
0.01 0.02 
0.02 0.01 

77.92 11.22 
3.11 4.21 
0.00 o.oo 
2.35 3.03 
0.04 0.06 o.os 0.05 

19.29 19.15 

100.04 91.20 

C&I'CU8, 'lll'iae, feol8, llllift %, Uld 

11• ol U&e .. _..,. l'iall, Ill'~ ... l'lale, PIIJII' zoiaee, 
IOap l'iael, W&t.ll' l'inll, p ... l', ..... A, ..... I, Uld c....... . 

..... ol lou uiul• ,. .. tiM ,.iat.. 
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DATA BVALUA'l'IOH REPORT 

I: , SQIIIIABY I 

STQDY TYPJ: Metaboliaa - rat (85-1) 

ACCESSION HUMBER: 

CASWJLL NO I 63 

MBIP NQ.: 404313•05 

TEST MATERIAL: Atraaina 

axMQNYMS: 2-Chloro-4-athylaaino-6-iaopropylaaino-a-triaaina 

STQDY NYMBERI ABR-87087 

SPQNSORI CIBA•QIIGY Corp., 
Qraanaboro, NC 
Spacialiat (919) 

Aqricultural Diviaion, P.O. Box 18300 
27419 'l'hoaaa Perahlay, Raqulatory 
2U•7100 X7207 

TESTING FACILITY: 

TITLE or BIPOBT 1 

.-
AtlTJIOB: B. Theda 

CIBA-QIJ:QY Corp., Bioch-iatry Dept., P.O. 
Box 18300 Graanaboro, NC 27419 
-and-
SRI: International, 333 Ravanawood Ava., Menlo 
Park, CA 94025 (Study No. LSC-1469) 
-and-
Aqriaaarch Incorporated, 26 Water Street, 
Frederick, MD 21701 (Project No. 1271) 

study of dalta-14c-Atralina Do&&/Raaponaa 
Ralationahip in the Rat (General Mataboli••>· 

BIPQBT ISSQIPI October 23, 1!187 

CQNCWSIQifi I 

The diatribution of atra1ina in rata waa found to be doaa­
dapandant. Of the tiaauaa atudi•d, the red blood calla atore the 
hiqhaat lavale of atradna, apparently throuqh the covalent 
bindinq of a aat&bolita. In rata axpoaed to a doaa of 100 aqjkq 
atraaine for 10 daya, in decreaainq order, the level• found in 
the followinq tbauea were: red blood aell, liver, kidney, 
ovary, pituitary, brain, pectoral rqion of the aaaariea. 
Under the expoaure rqiaen uaecS in thia atudy, atraaine doaa not 
accuaulate in the tiaauea of the rat, except perhapa for the red 
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blooc1 t::ell. The pattern ot atradne th•u• dbtribution round 
in t.hi• report. wa• •imilar that round in mala rat• expo•ed to a 
•imilar do•age reqiman (MRID No. 404313-09, Study No. ABR-Bal04). 

The di•tribution ot atrazine wa• reported to follow tir•t­
order kinetic•. Two major relation•hip• are round: (1) t.he whole 
body halt-lite, or t 112, and t.he volume ot di•tribution, or vd, 
are independent ot ~h• do•• ot atrazine and (2) the pla•ma 
concentration or atradna and/or it• metabolite• are directly 
proportional to the do•• ot atraaine. Pla•aa concentration• or 
atrazina mea•ured during and atter atraaine expo•ura •howed that 
the whole bocSy halt-lite (t112l ot atrazine or it• metabolite• i• 
38.6 hour• (1.61 day•) in rat.. Th••• reported finding• further 
ind.ic:ate that atrazine do•• not accumulate under t.hb expo•ura 
raqimen in the rat. 

Snppary, The whole boc1y halt-lite tor atruine b 1.61 day•. 
The red blooc1 cell• •tore the highe•t concentration ot atraaine 
in the rat, apparently t.hrouqh t.he covalent bindinq ot a 
metabolite. Under the do•• reqimen employed. in thb •tudy, 
atrazine doe• not accumulate in th• rat, except perhap• tor the 
red. bloocS cell. 

Clallification: Aac:1ept:able: Thia clueitication b ba .. d 
on the tact that t.he aethodoloqy requiraaent• ••tabli•h•d. in the 
Pe•ticid.• A• .. •••ent Cuid.elin .. , Subdiviaion F 185-1 have been 
•ati•tied only tor reportinq the d.i•po•ition ot atrazine in 
teaala rat•. However, all of the data requireaent• tor 
metaboli•a •tud.ie• ••t forth in 185-1 have not bean reported.. 

so 
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II • DTQI&te: 

A. Tilt Compgund: Atrazin• (2-chloro-4-ethylaaino-6-
i•opropylaaino-a-triazine) 

D••cription: Not provi4e4 in thi• •uaaary report. 
Batch t: 885-0653-3 
Purity: 98.8t (expiration date - Nov.-Dar, 1990) 
Radiolabaling procedure: 

All carbon• in the triazine moiety of atralina ware 
replaced with carbon-14. The •pacific activity of the 
radiolabala4 compound (reference CL-IX-77) wa• 95.8 
aicrocuri••/aq in low do•• axpariaant• and 1.06 
microcuri••l•; in the hiqh do•• axperiaent•. The 
purity of the ra4iolabalad ta•t compound wa• reported 
to be 97, 9t a.cartainad by two different thin-layer 
chromatography •y•t•••· 

B. Ttet Aftiwaltl 

Specie•: Rat (female) 
strain: Spraque-Dawlay CD 
Aqa: Not provided in thi• report. 
Weight (aaan)l 243,29 ± 2.7 BE (240-215q) 
Source: Charla• River Breading Laboratoria•, 

Wilainqton, MA 

81 



oo61 tS 
4 

III. 8'l'QDY QISIGJll 

A. Animal Aaaiqnmtnt: 

Animal• were attiqned randomly to the followinq teat 
qroup11 

'l'ablt 1 
Aniaa1 Altil)lmtftt in thil Btl.ldy 

(Atradnt DittrilNtion BXperiatlnt) 

Daily Oral 
Dote caiven 

Duration 
Of 

Cw/kpl (f ... lt) lpoturt Cc!aypl 

1 Control 0 a 10 
a Lowl (LDT1) 1.0 a 10 
------------------------------------------------------------3 Midl. (MDTl) 3. 0 a 10 
4 Mida (MDTa) 7. o a 10 

------------------------------------------------------------5 locw3 (MDT3) 
5 Mid4 (MDT4) 

10.0 
50.0 

a 
a 

10 
10 

------------------------------------------------------------7 Hiqh (HDTl) 100.0 10 

I After the laat oral dote wat qiven, the urinary and fecal 
level• of radioactivity were •eatured for 7 dayt. 
Aniaalt were individually placed in aetaboliaa caqe1 for 
the Clolltction of tecet and urine. The collection of 
aetabolite waa conduc~ed at SRI International. The 
l .. pltl were then ahipptd to the CIBA-QIICY laboratory in 
Qreenaboro, He for analyaia. 

B. Dgae Mt;hC!dl Tht rata were allowed a one-week accliaation 
period pl'ior to initiation of experiaentation. Atrazine 
waa qiven orally (via a ttoaaeb tWit) to the rata 11 an 
active iniJZ'Idient or aa a radiolabtltd ae~tive inqrldient. 
The vehicle wat 3t corn ttarch and o.st polytorbate eo 
(v/v). The rat• were allowed frle &ClCltll to aniaal flld 
(PUrina) and tap water. 

sa 
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c. Statiatica: 

The followinq procedures were utilized in analyzinq 
the numerical data: 

one- and two-way analysia of variance (ANOVA) was used 
to asse11 the statistical Diqniticance ot reaults between 
dose, treatment groups or sex. When appropriate, Dunnetta 
or Newman-Keuls t-tests were performed to assess 
differences between group means. 

For qeneratinq the kinetic models, the excretion data 
was used. This evaluation was performed by I.W.F. Davidson 
ot Bowman Gray School ot Medicine (Wake Forest University). 
The evaluation was limited because of the low number of 
rata used in each qroup. Additional kinetic parameters 
such !U' rate Constanta, halt-life valuea, and alpha and 
beta di~tribution values were obtained with the use of the 
!STRIP and PCNONLIN computer programs calculated by c.M. 
Metzler and D.L. Weiner (Statiatical conaultants, Edqewood, 
KY) • 

D. Quality A1aurange: 

A aiqned quality aasurance statament waa provided by a 
quality e . .lllurance inspector from (1) SRI International, the 
aubcontractinq laboratory where the dietribution ot 
radiolabeled atrazine waa atudied and (2) Aqriaearch 
Incorporated, another aU))contractinq laboratory where the 
amount of radiolabeled atrazine was measured. 
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IV. MBTBOQS I 

A. Observations: The frequency of clinical observations made 
on these rats was not provided in this summary report. 

Toxigity/mgrtality C1uryiyall r•wult•: There were no 
treatment-related deaths reported in this study. Rat f 
5065 (given 3 mgjkg atrazine tor 3 days) favored its right 
side, and upon examination, the lungs were found to be 
"present in the lower thoracic area." 

B. Exptrimental Protocol: This experiment was performed to 
assess in further detail the dose-dependent distribution of 
atrazine, especially in the red blood cell. AI listed in 
Table 1, in an effort to study in more detail the 
toxicokinetic disposition of 14c-atrazine as a function of 
the dose ot atrazine and the time ot sacrifice, six groups 
ot female Spraque•Dawley rats were treated with 14c­
atrazine while another qroup of fenle rats served as a 
control qroup. The qroups of rats were dosed daily for 10 
con11cutive days at o aqjkq (vehicle only) , 1 aq/kli(, 3 
mqjkq, 7 mqjkq, 10 aqjkq, 50 mqjkq, and 100 mqfkq ·uc­
atra&ine, The vehicle was an aqueous solution of corn 
starch/polysorbate-eo. 

Urine and feces were collected daily. At 24, 48, 72, 
96, 144, 192, 219, 240, 264 and 288 hours, blood saaples 
were obtained via orbital puncture. rive ailliliters of 
blood were collected by aortal puncture et sacrifice. The 
ti11u11 11lected for deteraininq the dbtribution of Uc­
label at each dose are listed in riqure 1. One of the two 
aninl• in eac\

4 
qroup was sacrificed 3 hours efter the 

tenth dose of c-atra&ine and the other aninl in each 
qroup was sacrificed 72 hours after the tenth dose of 14c­
atraziM. The distribution of 14c-label in the urir.e, 
feces, red blood cells, and the followinq selected tissues 
was determined for each feaale rat (Figure 1). 



• 

piqa•tiya •v•ttw 
I I Tongue 
I I Salivary qlanda* 
I I Eaophaqua• 
I I Stoaach* 
I I Dl.lo4enua* 
I I Jejunua• 

I I Ilewa• 
I I cecua• 
I I Colon* 
I I Rectua• 
IX 1 Liver •+t 
I I Gall ~ladder*f 
I I Pancreaa• 
Rttpiratgry 

I I Traohea•f 
I I Lunq*l 
I I NoaeA 
I I Pharynx" 
I I LarynxA 

7 

FIGORB 1 

Cardioy11cular 
I Aorta• 
1 Heart•l 

006718 

Nturological 
IX I Brain*+l 
I 1 Peripheral nerve*f 

I Bone aarrow*f 
I Lymph no4ea* 

I I Spinal cord (3 levels)*# 
IX I Pituitary• 

I Spleenl 
I Thyaua• 

I I Eyta (optic n.)*f 

IX I Red ~loo4 cell Glandular 
Urogenital 1 Adrenal qland* 

IX 1 Kidnaya*+l I Exorbital lacrimal 
I I Bladder• IX Maamary qland•t 
I I Teatea•+t I Parathyroida•++ 
I 1 Epididyaidea 1 Thyroida•++ 
I I Proatate other ti••u•• 
I I Seainal veaiclel Bone (feaur)*f 
IX 1 ovariea•+t I Muacle*fl 
I I Yterua•l I Skin*f 
I I Cervix I All 9roaa ledona 
I I Fallopian tul)ea and aaaaea• 

I Reaidual carcaaal 
I Fatl 
I Plaaaa (bloo4)1 

qlanclf 

* Required for aubchronic and chronic atudiea. 
A Required for chronic inhalation. 
f In aul)chronic atudiea, exuined and preaerved only if indicated 

aiqn• of toxicity or tarqet orqan involv .. ent. 
+ orqan vei9ht required in aubchronic and chronic atudiea. 

++ Orqan vei9ht required for non•ro4ent atudiea. 
I Required for deteraininq diatri~ution in aet~oliaa atudiea. 
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v. B'8tlllJ71 : 

A. pittribution of radiolabtled atrazint afttr rtptattd 
daily doainq •nd aultiplt tamplinq, 

The experiment waa conducted with a protocol deaigned 
to deter11ine the bodily diapodtion of 14c-(,ab•l after 
expoaure for 10 daya to a number of do••• of 1 c-atrazine. 
The recovery of the total doae averaqed 89. 2t in rata 
killed 3 hour• after the tenth doae of 14c-atrazine and 
94.2t in rata killed 72 hour• after \h• tenth do•• of l4c­
atrazine averaqed. The amount of 1 c-label of the total 
doae excreted in the face• in rata killed at 3 hour• was 
13.4t and waa 14.8t in rata kiil•d at 72 hour• independent 
of the doae. The amount of c-label of the total doae 
excreted in the urine waa 69. 5t in the rata killed at 3 
hour• and 76.3t in the rat• killed at 72 hour• independent 
of the doae. The total percentaqe of the initial doae 14c­
atrazine excreted in the urine and face• in the rata killed 
at 3 hour• waa 82.9t and in the rata killed at 72 hour• waa 
91.1t. 

Pl11g concentration• of atruine, In this experiaent, 
~ia•.. concentration• were related linearly to the doae of 

c-atrazine (Table 2)i That ie, plaaaa concentration• in 
rata qiven 100 Jl9/kq 4c-atftzine were rouqhly 100 tiaea 
that of rate qiven 1 aq/k9 C•atraline. Thia ooapariaon 
appliee to all of the doeaqe qroupa at aoet tiae point• 
Hated in Table 2, OVerall, durin9 daily doain9 pl .. u 
level• of atr.azine or ita aetabolitea qenerally roee and 
reached an apparent plateau or ateady-atate. After daily 
doainq had atopped the followin9 toxicokinetic valuea were 
calculated froa the data obtained! 

0 

0 

0 

the whole body half-life, or t112r of 38.6 hour• 
(1. 61 daye) for the eliaination of atrazine or 
ita aetabolitea, 

the eetiaated voluae of diatribution, or vd, for 
the daily doae of 10 aq/kq waa 4.15 L{kq, and 

at a doae of 
conoentration of 
eteady•etate waa 
of plaaaa. 

10 •9/kq, the aean pla••• 
atrazine or ita aetabolitea at 
5 .n 119-equivalenta 14c-labal/L 

ror distribution aodela that follow firet-order ldnetice 
auoh ae thie aodel prcpceed for atraaine, two relationehipe 
are reported! (1) t112 and vf. are iJ\ffpendent of the doee 
and (2) the plaeaa doncentr! ion of C•label ia dire'.:..tly 
proportional to the doae of C•atraaine. 
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Pl.- Level.• of l.4c-~.ebe} 
'hble 2 , ... ) DariJI9 tba no.ing Period and at Sacrifice c•·-~ '!'able nn) 

..... I wr/ltg 3 wJJm 7 w/Jtg 10 wqJkq 50 aa/kq 100 aqJkq 

11M: •• :85062 :85063 :85064 R5065 R5066 R5067 R50fi8 R5069 RS070 R5071 RS072 RS073 llllllr of 
leclrlfloe: 3 72 72 3 3 72 3 72 3 72 3 72 ,,_ 

«llrw,l: 

•• o.on O.Ofil 0.063 0.375 0.741 0.562 1.062 1.164 9.291 8.279 27.104 22.298 .. 0.186 0.181 0.452 0.615 1.058 1.884 2.009 1.593 7.161 .129? 28.946 23.101 1J 0.469 0.405 1.383 1.468 3.267 3.248 4.168 3.957 20.911 17.778 40.320 57.877 
----------------------------------------------------------------------------------------------H 0.506 0.596 1.808 1.845 3. 311 3.747 4.165 4.661 21.249 24.448 52.271 56.580 . 

144 0.582 0.594 2.150 2.608 4.225 3.359 5. 069 5.109 25.169 24.604 59.751 69.514 , .. 0.560 0.658 1.668 1.941 4.066 3.533 5.343 4.725 23.437 27.682 48.671 44.420 
---------------------------------------------------------------------------------------------------------Ill 0.583 -- -- 1.406 3.748 -- 5. 067 -- 21.351 -- 51.715 --... -- 0.185 0.703 -- -- 1.628 - 3.099 -- 26.413 -- 29.!566 
---------------------------------------------------------------------------------------------------------.... -- 0.1.44 0.789 - -- 1.371 - 1.713 -- 13.352 -- 17.682 ... -- 0.117 0.340 -- -- 0.868 -- 1.600 -- 8.302 -- 14.775 

0 
0 
0\. 
'I 
~ 

Q) 

(I) 
"! 
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BBC concentrations of atrazine. The 11111 txptrilltntal 
mtthod uatd for dettrmininq plasma conctntrationa of 
atrazin• al1f ita meta))olittl was -ploytd to meaaur• tht 
l1VIl of 4c-1Gil in rtd blood ctlll (RBC1). Thl 
concentration of llc-label in RBC1 roat durinq rtptattd. 
daily dotinq of 14c-atrazine and did not reach a plateau or 
steady state (Table 3). RBC conctntration• apptared tQ be 
proportional (utually tuperlinear) to tht dose of 14c­
atrazine. Aft•r cessation of daily dotinq, the 
conctntration of 14c-label declined for all do••• txctpt 
tht hiqhtat doat, 100 mqfkq 14c-atrazint. 

Afttr daily do!!nq was atopptd, tht data was obtained 
from tht ltvel ot c-label in the urine. Tht followinq 
toxicokinttic valuta were calculattd from those data: 

0 

0 

0 

tht mean dotaqe halt-lift, or t112• was 1562.9 
hours (8.14 days) for tht aliainatlon of atrazine 
or ita atta))olit•• froa RBCa, 

tht estimated voluae of distribution, or vd, for 
thl daily dOll Of 10 aq/ki VII 0,7 L{kq, and 

at a dose of 10 aq/kq, the aean plaaaa 
concentration of atraline or it• -ta))olit•• at 
tttady•atate wa• 104.6 aq-equivalenta l4c-labsl/L 
of calla. 

The aac:plaaaa concentration ratio was rou;hly 
rtlattd linearly in all doaa lavala. Tha aatiaatad halt­
life of 8 .14 days and tha lar;a vol~ of distribution 
104. e aq•aquivalents/L) in aaca indicate that extensive 
bindin; of atrazina and ita aatabolitaa in aaca vas 
occurrinq. (The life span ot a rat aac is 45•511 days). 
The author •paculataa that bindin9 of 14c-labal is of a 
covalent natura. 

8 
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'l'ilbla 3 
... Blooll c.u. ~ or Uc-raMl (a.-) DariDg tba DalliDg Pariod and at sacrifice 

(••- fraa 'rUle D) .... 1MlW 3 Mlltg 7 •tJsa 10 M/ltq 50 wqfkq 100 wgfkq .. f: Jt5062 Jt5063 115064 R5065 115066 R5067 R5068 R5069 R5070 R5071 R5072 R5073 .._or 
...-lfice: 3 72 72 3 3 72 3 72 3 72 3 72 • ,. lllra.); 

14 0.93 0.54 2.57 4.67 5.19 6.39 7.31 7.81 50.87 36.59 109.06 70.38 .. 1.41 1.27 4.29 8.48 12.82 14.17 20.72 15.88 124.35 87.00 234.05 190.48 72 2.64 2.77 -- -- 19.98 23.08 31.55 26.71 177.56 129.41 292.78 275.59 ---------------------------------------------------------------------N 3.51 2.76 21.47 22.01 26.65 30.38 39.07 37.59 225.49 160.46 474.56 305.37 1M 5.11 4.24 - - 37.07 30.78 60.65 53.79 . 358.75 289.12 881.41 649.45 1.2 6.61 5.04 23.44 11.63 43.78 50.05 63.84 63.85 415.80 362.30 695.14 529.04 ---------------- ---------------------------------------------------------------------------------------Ill 10.03 -- -- 21.20 54.91 -- 83.92 -- 307.74 - 517.23 -20 - 5.98 18.57 -- - 51.4!5 . -- 85.63 -- 324.18 -- 551.40 2N -- 5.41 18.11 -- -- 46.65 -- 67.83 -- 318.95 -- 605.28 Ill -- 5.34 18.50 -- -- 50.77 -- 41.26 - 271.48 -- 611.42 

0 
0 
0'\ ......, 
-
(X) 

CD 
~ 
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Tissue ccncentratigns gf atrazine. The ti••u• concentraticn• of 
atrazine and it• metabolite• were mea•ured in ••lectecl til•ue• 
fram aniaal• killecl at 1 ancl at 72 houre (Table 4). At all 
de•••• ti••u• level• cf 4c-label are ccn•i•tently lower in all 
animal• killecl 72 hour• after ce••ation of 14c-atrazine expo•ure, 
a finclinq that corrcbcrate• the ob1ervecl clecline in pla•ma 
ccncentration of 14c-label (Table 2). The liver had the hiqhe•t 
ti••u• concentration of 14c-label, followecl by the kiclney, 
pituitary, ovary ancl brain. The pectoral and inc;ruinal •a-ary 
qlancl• had the lcwe•t tie•ue ccncentraticn in thil •xPfriaent. 
In re•pect tc makinq do•• compari•on•, ti11ue level• of ~ C-label 
were qener\lly •uperlinear, i.e., the ti••u• level in rat• qiven 
100 mqjkq 4c-atrazine was generally 200 time• hiqher than that 
of rat• qiven 1 mqjkq l4c-atrazine. In animal• •acrificecl at 72 
hcur•, the ma111111ary ti••ue:plasma concentration ratio at 1 mq/kq 
wa• 0,042 and at 100 mq/kq wa• 0.49; a clifference that i• roughly 
prcpcrtional to the do•• of atrazine. 
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'l'llb1e 4 
ti • r-Ia ~ 14c-t.abel (a-) at SacrUice 

, ...... rza. ftb1.e ll:) 

3 Wl/kq 7 wlkg 10 wr/m so wr/U 100 w/Jtq 

llat t: R5M2 
..._, ot 

R5063 R5064 R50fi5 R5066 R5067 R5068 R5069 R5070 R5071 R5072 R5073 

.... itice: 3 72 72 3 3 72 3 72 3 72 3 72 

Li~ 2.97 2.33 5.40 8.06 16.21 8.05 20.86 12.37 54.87 32.58 102.37 55.88 
ftai~ 1.la o.so 1.67 3.54 7.32 3.24 9.36 4.49 36.91 18.18 71.68 33.90 
e.q 1.14 0.48 1.59 3.62 7.28 2.81 9.08 4.69 36.30 17.42 76.39 33.02 

-----------------------------------------------------------------------------------8nill 0.39 0.24 0.90 1.57 3.24 1.55 4.12 2.04 14.59 8.99 30.25 11.84 .. 

··~ ~ 1.36 0.61 1.64 3.54 6.91 3.35 9.88 4.70 29.31 16.73 78. fi4 26.13 

-------------------------------------------------------------------------------•1•: 
t.otara1 0.13 o.os 
I • fM) O.N 0.05 

0.38 
0.15 

0.46 
0.19 

0.52 0.24 
0.79 0.11 

1.24 0.75 
o. 54 0.65 

4.41 
4.06 

3.32 
2.29 

6.30 
4.77 

-
CD 

7.33 
0.33 

' 
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V. DISCOSSl:OH 

The diatribution of atrazine in rata wa• found to be doae­dependent. of the tiaauea atudied, the red blood cella atore the 
hiqheat levela of atrazine, apparently through the covalent 
binding of a aetabolite. In rata expoaed to a doae of 100 ~/kq atrazine tor 10 daya, in decreaaing order, the level• found in 
the following tiaauea were: red blood cell, liver, kidney, 
ovary, pituitary, brain, pectoral region of the aa .. ariea. 
Under the expoaure reqiaen uaed in thia atudy, atrazine doe• not 
accumulate in the tiaauea of the rat, except perhapa tor the red 
blood cell. The pattern of atrazine t!aaue diatribution found 
in thia report waa •i•ilar that found in aale rata expoaed to a 
aimilar doaaqe reqiaen (MRID No. 404313-09, study No. ABR-85104). 

The diatribution of atrazine waa reported to follow firat­
order kinetica. TWO aajor relationahipa are found: (1) the whole 
body halt-lite, or t 112 , and the voluae of diatribution, or vd, 
are independent of the doae of atrazine and (2) the plaaaa 
concentration of atrazine and/or ita aetabolitea are directly 
proportional to the doae of atrazine. Plaaaa concentration• of 
atrazine ••aaured durinq and after atrazine expoaure ahoved that 
the whole body half-life (t112> of atrazine or ita .. tabolitea ia 38.& houra (1.&1 daya) in rtta. Theae reported findinqa furthar 
indicate that atrazine do•• not accuaulate under thia expoaure regiaen in the rat. 

Snparv. The whole body halt-life for atraline ia 1. U claya. 
The red blood cella atore the hiqheat concentration of atrazin• 
in the rat, apparently through the covalent bindinq of a 
aetabolite. Under the doae reqiaen eaployed in thia atudy, 
atraline doea not accuau1ate in the rat, except perhapa for the 
red blood cell. 

Clallifigatipna Aaoept:ab1e: Thia c1aaaification ia baaed 
on the fact that the aethodoloqy requir ... nta eatabliahed in the 
Peaticide Aaaeaa .. nt Guidalinaa, lubdiviaion r 185-1 have been 
aatiatiad only for reporting the diapoaition of atrazine in 
female rata. However, all of the data requiraaenta tor 
••taboliaa atudiea eat forth in 185-1 have not bean reported. 
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DATA BVALDATIOII IIBPORT 

J:. IQIIMilYI 

STQDX TXPB: Met~liaa - rat (85-1) 

ACCESSION HUMBER: 

TEST MATERIAL: Atrasina 

CMIJLL HOI 63 

KRIQ NO.: 404313-06 

SXNOKXMS: 2-Chloro-4-athylaaino-6-iaopropylaaino-a-triazine 

STQDX NVMBU: ABR-87115 

SPONSQRI CIBA-GIICY Corp., 
Graana~oro, NC 
Specialiat (tlt) 

Aqricultural Diviaion, P.O. Box 18300 
27419 Thou• Parahlay, Requlatory 
212-7100 X7207 

TISTIHQ PACILJTJI 

TITLI or UPOBT 1 

AVTHOBI B.J. Nil•• 

CIBA-GIICY corp., Bioch .. btry Dept., P.O. 
Box 18300 craana~ro, NC 27411 

Characterization and Identification of 
Atrazine Mat~litea Proa Rat Urine (General 
Mata~lba). 

UPOBT IssQIDI NovQ))er 17, lta7 

CONSLUSIQHS 1 

The characterization and identification of a nuabar of 
atrazine aetabolitea in the feaala rat waa reported in thia 
atudy. To thia end., two axperiaenta were conducted with the uae 
of two 9roupa of rata. 

The data reported. in thi• atud.y indicate• that 
dechlorination of the triadne rinq and. N-dealkylation are the 
aajor aetabolia pathway• for atrazine in rata. Oxidation of the 
alkyl •~•tituant• of atrazina appear• to be a ainor and. 
aecond.ary aata~olic route. 

93 



t 

006718 
2 

The elimination of atrazina in female rats wa• alec reported 
in thia atudy. The urinary route accounted for 41. 4t of the 
elimination of atrazina and/or ita metabolite• whareaa 49.3\ was 
eliminated via the fecal route. The tiaeuae contained 5.75\ of 
the atrazina and/or ita metabolite• while the blood contained the 
ramaininq 1.4t. Thia pattern of excretion differ• froa mala or 
female rata qiven repeated oral do••• of atrazina, i.e., einqle 
oral expoeure reeulte in about 50:50 urinary:fecal excretion 
whereae repeated oral expoeure reeulta in about about 75:25 
uri~ary: fecal excretion C••• MRID Noa, 40013-0!5 and 404313-09 
for more detaila), The amount of atrazina and/or ita metabolite• 
eliminated via eXhalation waa not reported. A recovery of 
103.78\ of the acllllinisterad radiolabelad atrazine wae achieved. 
The majority of atrazina and/or ita aetabolit•• wa• reported to 
be excreted via the urine and facaa. 

Clallificatipn: Acceptable: Thie cla .. ification ie baaed 
on the fact that the methodology raquir .. enta eatabliahed in the 
Peaticide Aeaaaaaent Guidelinaa, Subdiviaion F 185-1 have bean 
aatiafied only for reportinq the identity of urinary aetabolitaa 
of atrazina in female rata. However, all of the data 
requir .. enta for mataboliaa etudiaa eat forth in 185-1 have not 
bean· reported, i.e., the urinary and fecal aetabolitaa of 
atrazine in aala rata and the fecal aetabolitea of atralina in 
femalaa auat be identified. 
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:II • QTQIII§: 

A, Ttat Coapound: Atrazint (2-chloro-4-athyla•ino-6-
iaopropylaaino-a-triazint) 

Dtacription: Not provided in thia report. 
Batch f: Not provided in thia report. 
Purity: Not provided in thia report for tha 

nonradiolabtltd ca.pound. 
Radiolabt1inq proctdura: 

All carbona in the triazine •oiaty of atrazint ware 
replaced with carbon-14. The apacific activity or the 
radiolabt1td co•pound waa 1.0 •icroCUri•f•q. Tht 
purity of tht rad.iolabtltd teat co•pound waa report ad 
to be~ nt. 

B. Tilt Aftiwal•: 

Spacittz Rat (t ... la) 
Strain: Spraqua-Dawlay 
Aqtz Not providtcl in thia report. 
Wtiqht C•••n)z about 0.2 kq 
source: Harlan Spraqua-Dawlay, Indianapolia, IN 

III. a•wpx nn1p1 

A. Aniwel MtiSfDMr¢1 

Ani .. la wart aaaivntd randa.ly to tht followinq teat 
qroupaz 

Daily oral 
Tttt Dolt Given Rata 

Duration 
of 

Grgyp (E/lsq) (feaaltl lxpgaure C4ay> 

1 

2 

I 

Biqh 100.0 5 1 

Mid U,2 -1t. fS 8 1 

After tht laat oral doat waa ;ivan, tht urinary and fecal 
ltvtla of radioactivity ware aeaaurtcl for 24 houra. 
Aniaala ware indiVidually placid in attaboliaa caqaa fer 
tht collection of urine. 
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B. Dose Method: The rata were allowed a 5-day acclimation 
period prior to initiation of experimentation. Atrazine 
was qiven orally (vift a stomach tuba) to the rats as an 
active inqradlant or as a radiolabeled active inqredient. 
The vehicle was lt methyl carboxymethyl cellulose and Hi­
Sil-~33 brand of powdered silica used to suspend the 
atrazine in solution. The rata were allowed tree access to 
an~.mal feed (PUrina) and deionized water. 

c. Statistics: 

No statistical procedures were used in this study. 

D. ouality Assurance: 

A aiqned quality assurance statement was provided by 
a quality assurance inspector from the raqistrant, the 
laboratory where the metabolism of radiolabeled atrazine 
was studied. Accordinq to the statement, the Good 
Laboratory Practice methods were followed in this study. 
However, this metabolism study was reported not meet the 
Good Laboratory Pra~ticaa Requirements of 40 CFR Part 160 
because: 

(l) "A complete set of biological phase SOPs have not 
bean established. 

( 2) Thera was no O..A inspection of the study because 
the QAU was not a fully functional unit at the 
time the study was conducted, 

(3) There was no QA audit ot the final report ABR-
87115." 
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:rv. KBTBQDS: 

A. Obatryationt: The frequency of clinical obtervations rnade 
on theta ratt wat not providtd in thia tummary report. 

Toxicity/mortality Cauryiyall rnulta: There wa:t'1 no 
treatment-related deaths reported in thia study. 

B, Experimental Protocol: Thit txptrimtnt wat conducted to 
identify the atrazine metabolites in two qroups of rats. 

At thown in Tabla 1, one qroup of female ratt was 
qiven a sinqle dose of atrazina in an effort to produce 
tufficiant lavala of urinary metabolite• of atrazina for 
identification. Five adult female Spraq~,"-Dawlt~~y rats 
(about 0.2 kq) ware administered 100 mqfkq 14c-atrazina. 
Samples of urine and facaa were obtain9d at 24, 48 1 and 72 
houra, Afttr takinq aamplaa for 72 houra, the rnts were 
sacrificed and 5 ml of blood and the liver ware obtained. 

In another qroup of animals, B rats were qiven a 
sinqla oral axpoaura of 115, l.8 ·• 19. 64 mqjkq 14c-atrc.zine. 
Urinary metabolites ware collected over a 24-hour period 
followinq treatment. The metabolites of atrazine were 
iaolated and identified by the follovinq taries of 
analytical chamittry atapa: 

(1) charcoal cleanup, 

(2) C18 Bond-Elut separation, 

( 3) Aminax A-.t cation exchanqe column chromatoqraphy, 

{4) Aminex A-25 anion exchanqa column chromatoqraphy 
• or PRP-1 (ravaraa-phase) HPLC, and finally 

(5) confirmation by comparinq to the infrared tpactra 
and mass spectra of a·uthantic synthashed 
ttandarda. 
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V. RESULTS: 

A, ~he In Yivo Metabolism ot Atrazine, 

To examine the matal:lolism of atrazine in rats, 100 
mqjkq of 14c-atrazina was qiven to rats and the 14c-labeled 
metabolites were isolated and identified. A recovery of 
103, "/St of th• total radioactivity was achieved. The 
urinary route accou~ied for 47.4t of the elimination 

~~~~=~11 :~3\i0:sute~e co;t;t::J ;~;s:1c!~i~~!ef4~=~a~:f !~i~; 
the blood conte1ined the remaining 1. 4t of the 14c-label. 
The amount of l{c-l~bel eliminated via eXhalation was not 
reported, 

The molfcular structures of the urinary matal:lolitas 
obtained from the first qroup rats ware unattainable, !~ a 
second group of 8 r~ts were given 16.18-19.64 mgfkg c­
atrazine. The metabolites ware collected within the o to 
24 hour time period after exposure, The urine was freeze 
dried. Matal:lolites were than dissolved in a small amount 
of water that was acidified with HCl to pH 3.0 and 
separated with an amino acid analyzer (to detect the amino 
acid raaiduaa of glutathione) coupled with ~ cation 
exchange column. 

A total of 19 radioactive peaks ware detected, three 
of which were identified a11 metabolites l:ly comparison of 
the infrared and mass spectra. The identity of two other 
metabolites was postulated based on additional mass 
11pactral information. The molecular structures of soma of 
the atrazina metabolites are shown in Fiqura 1 and the 
numbers in this figure correspond to the metabolites 
discussed in the text. Only four of these matal:lolitr:.!:l were 
identified and ware reported, they ware: 

o 2-hydroX¥-atrazina (7) 1 

o 2-hydroxy-4-amino-6-isopropylamino-a-triazine (B), 

o 2-hydr~xy-4-ethylamino-6-amino-a-triazine (14), 
and 

o 2-hydroxy-4,6-diamino-a-triazine (3), 

The identification of the four metabolites al:love indicates 
that dechlorination of the triazine ring and H-d.ealkylation 
are the major metabolic pathways for atrazine in rat,;;. 
Because several other minor metabolites that possess omeqa­
ca=l:loxyl moieties ware identified (5, 10, 11, 12), 
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oxidation of tho terminal methyl moietiea in the alkyl 
•ubatituenta ap~ears to b• a minor and secondary metabolic 
route. 

B. ~he In Vitro Mttaboliam of"Atrazint. 

The author of thia atudy off era tht resul ta of. 'l 
publishtd atudy on atrazine metaboliam perform~d by 
Oauterman and Muecke (1.974, hGicide Biochemistry and 
Enxaiology 4:212-219) in an eff~rt to account for the 
covalant binding of atrazine in RBCs. 

The mtthod . publiahed by Dauttrman and Muecke is 
reported aa th~ following stwpa, Radiolabeltd atrazine waa 
incubated with· rat liver microaomes with or without the 
addition of the metabolic cofactor&, qlutathione and NADPH. 
Six metabolite• were iden'id titd by chromatoqraphy aqainat. 
synthetic atandards. 'l'ht r••ulta corrobaratt the findinqs 
in the in YiY2 experiment th~t N-dealkylat!Qn is the major 
metabolic pathway. Also, the iaopropyl moiety is 
hydrolyzed more easlly t!1an the ethyl aubatituent. 
conjuqation with qluta~hione was found to occur with most 
of the atrazine m6tabol!tea previously diacuaaed when 
cytoaolic cell fraction• were included in tht in vitro 
r"actions. 

Coyalent binding in )tBCa. The author arquea that the 
glutathiont-containinq metabolite• of atrazine may be 
catalyzed by a "carbon-aulfur lyaat," an enzyme that 
cleavea the glutathione reaidue and leave• a thiol q~oup on 
the Atrazine metabolitt. Hc.wever, the author haa not 
presented evidenct whether lyase ia preaent in red blood 
cells. 
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~he characterizat!on and identification of a number of 
atrazina mt~tabolites in the female rat was reported in this 
study. To this end, two experiments were conduct~d with the u•• 
of two qroupe of rats, 

~he data reported in this study indicates that 
clechlorination of the triazine rinq anc1 11-daalkylation are the 
major metabolic pathways for atrazine in rate. Oxidation of the 
alkyl sub~tituente of atrazine appears to be a minor and 
secondary m~tabolic route. 

~he elimination of atrazine in female rats was also reported 
in this study, ~he urinary route accounted for 47. 4t of the 
elimina·tion of. atrazine and/or ita metabolites whereas 49. 3t was 
eliminated via the fecal route. The tissues ~ontained 5.75t of 
the atrazine and/or its metabolites while the blood contained the 
remaining 1. 4t, This pattern of excretion differs from male or 
female rats qivan repeated oral doses of atrazine, i.e., sinqle 
oral expoaure re:sults in about 50:!10 urinary:fecal excretion 
whereas repeated oral exposure results in about about 75:25 
urinary: fecal excretion (see MRID Nos, 404313-05 and 404313-09 
for more details), The amount of atrazine and/or its metabolites 
eliminated via eXhalation was not reported. A recovery of 
103, 7U of tho administered radiolal:leled atrazine was achieved. 
The majority of atrazine and/or its metabolites was reported to 
te excreted via the urine and feces. 

Clanitication: Accep;;a))le: Thia classification is l:lased 
on the fact that the methodolo9Y requirements estal:llished in the 
Pesticide Assessment Guidelines, Subdivis~.on F 185-1 have l:leen 
satisfied only for reporting the identity of urinary metabolites 
of atrazine in female rata. However, all of the data 
requirements Jor metabolism studies set forth in 185-1 have not 
l:leen reported, i.e., the urinary and fecal •~tabolites of 
atrazine in male rats and thll fecal metal:lolites of atradne in 
females must l:le identified. 
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Reviewed by: sanford w. Biqelow, Ph.D. .:(/ / r / '/ 
Section VI, Toxicoloqy Branch (TS-769C) . 
secondary reviewer: Judith W. Hauawirth, Ph.D.,l.JL1kN·~ 
Section VI, Tol~icoloqy Branch (TS-769C) ~- "£'/qJS'{ 

DATA EVALUATION' REPORT 

I. SUJIIIARY: 

STQDX TXPE: Metaboliam - rat (85-1) 

TEST MATERIAL: Atrazine 

CASWELL NO: 63 

·MBIP NO.: 404Jl3-09 

SYNONXMS: 2-Chloro-4-ethylamino-6-isopropylamino-a-triazine 

STYPY NQMBER: ABR-85104 

SPONSOR: CIBA-GEIGY Corp., 
Greensboro, NC 
Specialiat (919) 

Aqricultural Diviaion, P.O. Box :8300 
27419 Thoma• Parahley, Requlatory 
292-7100 X7207 

TESTING FACILITY: CIBA-GEIGY Corp., Biochemistry Dept,, P.o. 
Box 18300 Greenaboro, NC 27419 

TITLE OF REPQR~: Metabolism of 14c-Atrar.ine in Orally Dosed 
Rata (General Metabolism). 

AYTHOR: B.J. simnneaux 

REPQBT ISSUEp: December 6 1 1985 

CONCWSIONS: 

This report is a balance atudy of the diaposition of 
atra~ine in male rata repeatedly orally expoaed to this aqent. 
Atrazine appear• to be rapidly excreted in the rat under theae 
exposure conditione. About 9!5t of the adminiatered doae is 
eliminated within 18 daya after the laat atrazine expoaure. ~he 
urinary route accounted for about 70t of the elimination whereas 
about 25t wae eliainated via the fecal route. !~e RBCa atore the 
hiqheat levela followed by the liver, kidney and brain. Under 
these expoaure conditione, atrazine doe• not accumulate in the 
rat. The total recovery of aclllinietered radiolabeled atrazine 
tor the hi9h and low doae qroupe waa 93.4t and 103.9t, 
respectiv•.ly, 
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Atrazine app~o~ars to be rapidly excreted in the rat under 
theRe exposure conditions. About 95t of the administered dose is 
eliminated within 18 days after the last atrazine exposure. ror 
the low and high dose groups of rata, reapocti vely, the urinary 
route accounted for 72. 7t and 67. 2t of the elimination while 
27. at and ~3. 9t of the atrazine and/or its metabolitws were 
aliminated via the fecal route. Elimination of atrazine and,' or 
its metabolites by way of exhalation was not monitored or 
reported. 

The tissues contained the remaining amount of the atrazine 
andjor ita metabolites. The peak tissue levels in the low dose 
group occurred at 10 days whereas the peak levels in the high 
dose group was reported at B days. The highest tissue levels in 
the low dose group (0.1 mgjrat) ware found at 10 days in the RBC 
followed by liver, kidney and brain. In decreasing order, the 
highest tissue levels of atrazina in the high dose group of rata 
(1.0 mgjrat) at 8 days ware: RBC, liver, kidney and brain. In 
general, 10 days after the last dose of atrazina (at the 18-day 
sacrifice), the RBca, liver, kidney and brain had minimal laYaJ.a 
(about lt) of atrazine andjor ita metabolites remaining. Under 
th•ae exposure conditions, atrazin~ does not accumulate in these 
tissues in rata repeatedly exposed to atrazina. •rha pattern of 
atrazine tissue distribution found in this report was similar 
that found in female rata exposed to a similar dosage regimer1 
(MRID No, 404313-05, Study No. ABR-87087). 

Clo11itir,:ation: Accaptabla: This chsaification is baaed 
on the fact tnat the methodology requirements established in the 
Pesticide Assessment Guidelines, Subdivision F 185-l have been 
satisfied only for reporting the distribution and excretion of 
atrazina in male rata. However, all of the data requirements for 
metabolism studies set forth in 185-l have not been reported, 
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ZI. ]V.TQXJI§: 

A. Ttlt Compound: 

011cription: At~azin~ 
Batch f: Not reported in thi1 1t.udy 
PUrity: Not provi:1td in thit ~UIDlllary report for the 

nonradiolabtled compound. 
Radiolabelinq procedure: 

All carbona in the triazine moiety of atrazint were 
replaced with carbon··l4, The 1pecifia activity of the 
rl'ldialabelod compound wert ).3. !5 microcurittfmq and 12. 9 
microcuritlfmq for th• law and hiqh dolt qraup1, 
r .. ptctively, Tht purity of the radiclabtltd t .. t 
compound waa reported to bt .:!:, 97. !5% aacertaintd by a 
thin-layer chromatoqraphy 1ytttm. 

·a. T .. t Mimal•: 

Sptcitll Rat (male) 
strain: Harlan Spraque-oawlay 
Aqe: Not provided in thi1 report. 
Wtiqht (mean): 2!50q 
Source: Harlan Madi1on, WI 
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III. S'lVDY DISIGif: 

A. Animal Aasiqnment: 

Anim~l• were aaaiqnad randomly to the followinq test 
qroupa: 

Ttat 
Grgup 

2 Low 
Lew 
Low 

Table l 
Aniaal .baiqmaent in thia study 
(Atrazine Ketaboliam Experiment) 

Daily Oral Day 
Doae Given• Rata of 

Duration 
of 

Cmg/kgl Cmalt) sacritiee Expoaun Cdayal 

0. •\ 3 5 4 
0.4 ' 7 7 
0.4 3 9 7 

---------------------------------------M-~--------------··---Lew 0.4 3 10 7 
Low 0,4 3 14 7 
Low 0.4 3 18 

3 Hiqh 4.0 3 5 4 
Hiqh 4.0 3 7 7 
Hiqh 4.0 3 g 7 

----------------M·-------------------------------------------Hiqh 
Hiqh 
Hiqh 

4.0 
4.0 
4.0 

3 
3 
3 

10 
14 
18 

7 
7 
7 

I After the laat oral doae waa qiven, the urinary and fecal 
lavela ot radioactivity ware meaaured at 24-hour 
interval a in the qroup of rata txpoaad tor 18 daya. 
Animal• ware individually plaeed in metaboli•• caqea for 
the collection ot tecta and urine. There waa no control 
qroup. 

B. Qoll lflthodz Atradne waa qiven orally (via a atomach 
tube) to the rata aa a radiolabeled active inqredient. The 
250 q rata were qiven 0.1 mq/rat (low doae) or 1.0 mq;rat 
(hiqh doae), The vehicle wa~ in the aqueoua carbowax-aoo 
(PBC 200) foraulation (0,3 al ethanolzo.a al water:0.5 ml 
PBQ 200). The rata wert allowed fret acctaa to animal teed 
and. tap water. 
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c. stati•tica: 

The following procedure wae utilized in analyzing the 
numerical data: 

The SOP method 
11Statietical methode in 
were ueed to calculate 
obtained from ~he rate. 

D. Quality Aesuranct: 

of Wolf and 
the meaeurement 
ppm-equivalent• 

Sumner, AG-276, 
of radio!itivity 11 

of the c-label 

A siqned quality assurance etatement wae pr.ovided by 
a quality aeeuranr:e inepector from the registrant, the 
laboratory where the metabolism of radiolabeled atrazina 
waa atudied, Accordinq to the atatement, the Good 
Luboratory Practice method• were followed in this etudy. 
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IV. MJmiODS: 

A, Obseryationa: The frequancy of clinical obaervations made 
on these rata was not provided in this study, 

Toxicity/mortality Cauryiyall results: There were no 
treatment-related deaths reported in this study, 

B. Expari'tlentol Prgtocol: The procedure was conducted to 
assess the metabolism of atrozine. 

Three mala rata in each qroup ware repeatedly dosed 
and th~tn aacri!ic.ad 5 1 7 1 9 1 10 1 14 1 and 18 days after 
doainq w .. initiated (fo1: details .• sea Tabla l), Urine and. 
feces were collected for analya:l.a trom the rata exposed. tor 
the 18-day period. 'l'he rata were aacritic!~ and the 
tollowinq selected ti111auea were Analyzed tor c content 
(Fiqura 1). 
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Digestive Jtystem 
i I Tongue 
I I Salivary glands* 
1 1 Esophagus* 
IX I Stomach* 
IX I Duodenum* 
IX I Jejunum• 

IX I Ileum* 
1 1 c.acum• 
IX I Colon* 
I I Rectum* 
1:: I Liver •+1 
I 1 Gall bladder** 
I I Pancreas• 
Reapiratorv 

I I Trache&*f 
I I Lung*@ 
I i Nose" 
1 I Pharynx" 
I I Larynx" 

006718 
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FIGURE l 

cardiovasgular 
I Aorta* 
1 Heart•@ 

Neurologigal 
IX I Brain*+@ 
I I Peripheral nerve*f 

1 Bone marrow•t 
I LY111Ph nodes• 

1 1 Spinal cord (3 levels)*# 
I I Pituitary* 

1 Spleen@ I I Eyea (optic n.) *f 
I 'l'hY111US* 

I X I R&d blood cell Glandula:~ 
Urogenital Adrenal gland* 

IX 1 Kidneys*+@ Exorbital lacrimal 
I I Bladder* Mammary qland*f 
1 1 Testes•+@ Parathyroida•++ 
I I EpididY111idea Thyroids•++ 
I I Proatate Other tissues 
I I Seminal veeiclel Bone (femur)*f 
I I ovaries•+@ IX Muaule*fl 
I I Yterua*@ I Skin*f 
I I Cervix I All gross lestons 
1 1 Fallopian tubes and maaeee* 

I X Reai~.•2al Carcass@ · 
IX Fat@ 
IX Plasma (bleed)@ 

glandH 

* ... Required for eubchronic and chronic etudiee. 
Required for chronic inhalation • 

+ 
++ 

In eubchronic studies, examined and preserved only if indicated 
eigne of toxicity or target organ involvement. 
organ weight required in Mubchronic and chronic studies, 
Organ weight required for non-rodent studies. 

@ Required for det•rmining distribution in metabolism studies. 

(FIFRA Subdivision r teet quidelinee 185-1 (e) (3) (i) require 
that, in addition to the tissues listed in Fiqure 1 above, the 
levels of atruine or its metabolites shall be aeaeur.ed in the 
testes, heart, lunq, spleen and uterus.] 
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v. RISDLTS: 

B. Th• Mataboliam of Atrazint 

'To examine the metabolism of atrazina in rata, two 
doses were employed, 0.4 and 4.0 mq/kg of 14c-atrazine was 
given to rata and the 14c-label was measured in selected 
tissues and in t~f rata exposed for 18-daya, urinary and 
fecal le;rels of C-labsl were monitored. A recovery of 
103. 9t and 93. 4t was found ff'r the low and hiqh dose 
qroupa, respectively. For the low and high dose groups, 
respectively, the urinary route accounted for 72.74t and 
67.2t of the elimination whereas 27.79t and 23.92t of the 
14c-label was eliminated via the fecal route. The author 
reports that about 95t of the administered dose is 
eliminated within 48 hour~ after the last exposure. 

The tissues contained the remainder of the 14c-label 
(Tables 2 and 3) • The hiqhaat tissue levels in the low 
dose qroup ( 0 .1 mq;rat) ware found at 10 days in the RBC 
(1.95 ppm) followed by liver (1.10 ppm), kidney (0.74 ppm) 
and brain (0. 38 ppm) a~},~ are listed in Table 2. The 
hiqheat tissue laval.: of C-labal, in dacreaainq order, in 
the high dose group of rata at B days were found as such: 
RBC (21.66 ppm), liver (6,40 ppm), kidney (5.28 ppa) and 
brain (2.48 ppm). In qeneral, 10 days after the last dose 

~idn!~-:~~a:;~inc~!d~in!!;fare:!~!i7!~~~t ~~i ~!4c:~::!i 
ramaininq. The ramaininq tissues had lower levels of 14c­
label at 8 or 10 days and lower levels raaaining at 18 
days. The peak tiNaue lev•l• in the low dose qroup 
occurred at 10 day whoreaa the peak levels in the hiqh dose 
qroup was reported at 8 days. 

As • i)ercentaqe of administered dose (Table 3) , the 
muscle had the highest levels followed J:ly the liver and 
RBC. Percentage of tissue levels ware highest in those 
rata sacrificed 4 days after initial atraline expo~ure 
(Table 3). 
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g.;a. •'rat 
Pla-
RBC 
Pat 

9 

'.rable 2 
'ri·- LeYtia or 14c-J.abel (a-) ~ uter Sacrifice 

(h,._ rn. 'l'able IV) 

z~ .. !:If :i!A~dfi~!l (Davl) 
4 6 8 

' 
10 14 18 

0.06 0.05 0.06 0.04 0.01 0.01 
1.11 1.18 1.63 1.95 1.31 1.53 
0.04 0.04 0.04 0.05 0.05 0.03 

---------------------------------------------------------------------------------------------------------Brain 
XU.Cle 
Kidney 

0.29 
o.:u 
0.67 

0.30 
0.13 
0.63 

0.39 
0.15 
0.74 

0.38 
0.15 
0.71 

0.27 
0.12 
0.32 

G.24 
0.11 
0.23 

-------------------------------------------------------------·--------------------------------------------Liver 
Stc.ach 
Baall Inteetine 

0.88 
0.20 
0.21 

0.91. 
0.66 
0.24 

).06 
0.21 
0.26 

1.10 
0.18 
0.15 

0.56 
0.10 
0.06 

0.40 
0.10 
0.09 

-------------------------------------------------------------·--------------------------------------------Large Inteatine 6.17 0.25 0.20 0.16 0.07 0.09 
Llraa Intestinal Content 0.80 0.87 0.64 0.30 0.11 0.12 

t.l **'ra:t 
Pla- 0.55 0.82 1.02 0.37 0.14 0.07 
RBC 9.30 16.34 21.66 17.17 15.50 13.78 
Pat 0.21 0.28 0.43 0.23 0.15 0.19 

---------------------------------------------------------------------------------------------------------
Brain 
XU.Cl• 
Kidney 

1.23 
0.77 
3.09 

2.l.O 
1.27 
4.49 

2.48 
1.56 
5.28 

1.76 
0.91 
3.41 

1.39 
0.83 
1.92 

1.14 
0.75 
1.26 

---------------------------------------------------------------------------------------------------------4.26 
1.46 
l..U 

5.48 
2.01 
1.87 

6.40 
1.96 
2.22 

4.48 
0.52 
0.75 

2.87 
0.32 
0.32 

1.80 
0.15 
0.22 

---------------------------------------------------------------------------------------------------------
Large Inteat:lne 
Ierp J'r'-tipl C:OD!;'I!lt 

1.28 
9.15 

1.56 
12.27 

1.86 
11.91 

0.97 
1.28 

0.60 
7.97 

0.56 
0.22 

-00 

' 



0.1 wtpt; 

10 

'i'able 3 
Percim:t or Daae or ~<~c-Tabal --.tniDOJ After sacrifice 

(UJren tn.. 'bble UI) 

4 
0.15 
1.60 
0.26 

Tile of Sacrifice CDaysl 
6 8 10 

0.08 0.10 0.05 
1.28 1.39 1.38 
0.20 0.09 0.37 

14 
0.02 
1.08 
0.16 

18 
0.01 
1.11 
0.09 

---------------------------------------------------------------------------------------------------------Bnlin 
llu8cle 
Kidney 

0.12 
3.66 
0.34 

o.oe 
2.65 
0.26 

0.09 
2.51 
0.23 

0.08 
2.05 
0.17 

0.06 
1.81 
0.10 

0.05 
1.55 
0.06 

---------------------------------------------------------------------------------------------------------Liver 
sta.ach 
8aall Inteati-

2.55 
0.15 
0.15 

1.94 
0.35 
0.18 

1.70 
0.10 
0.22 

1.28 
0.05 
0.07 

0.85 
0.03 
0.03 

0.43 
0.02 
0.02 

---------------------------------------------------------------------------------------------------------Large Inteati- 0.04 0.06 0.03 0.02 0.01 0.01 
large InteaU.ua1 Ccmtept 0.25 0.29 0.13 0.07 0.02 0.02 

t.l ... ,rat 
Pl- 0.15 0.13 0.12 0.05 0.02 0.01 
RBC 1.48 1.51 1.46 1.38 1.08 0.94 
rat 0.16 0.12 0.13 0.08 0.04 0.06 

---------------------------------------------------------------------------------------------------------0.05 
2.42 
0.18 

0.06 
2.23 
0.13 

0.04 
2.04 
0.11 

0.04 
1.41 
0.09 

0.03 
1.12 
0.05 

0.02 
1.00 
0.03 

--------------------------------------------------------------------------------------------------Liver 
sta.ach 
8aal1 Int..tine 

1.27 
0.08 
0.19 

0.87 
0.06 
0.10 

0.72 
0.10 
0.09 

0.72 
0.03 
0.05 

0.42 
0.02 
0.02 

0.25 
0.01 
0.01 

---------------------------------------------------------------------------------------------------------
La:£98 Inteatine 
.LI' • Tzd:MtJ M 1 <;entent 

0.04 
0.38 

0.02 
0.36 

0.02 
0.1.3 

0.02 
0.04 

0.01 
0,1.8 

0.01 
0.01 e 

• 
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VJ:, DISCUSS IOR 

This report is a balance study of the disposition of atrazina in mala rats repeatedly orally exposed to this aqent. Atrazina appears to be rapidly excreted in the rat under these exposure conditions. About 95\ of the administered dose is eliminated within 18 days after the last atrazine exposure. 'I'he urinary route accounted for about 70\ of the elimination whereas about 25\ was eliminated via the fecal route. The RBCa store the hiqhest levels followed by the liver, kidney and brain. Under these exposure conditions, atrazina does not accWDulate in the rat. The total recovery of administered radiolabeled atrazine for the hiqh and low close qroupo was 93.4\ and 103.9\, respectively. 

Atrazine app111ars to be rapidly excreted in the rat · under these exposure conditions. About 95\ of the administered dose is eliminated within 18 days attar the last atrazine exposure. For the low and hiqh dose qroupa of rata, respectively, the urinary route accounted for 72. 7\ anei 67. :a of the elimination while 27.8\ and 23.9\ of the atrazine and/or ita metabolites were eliminated via the fecal route. Elimination of atrazina and/or ita metabolites by way of exhalation was not monitored or reported. 

The tissues contained the ramaininq amount of the atrazina andjor ita metabolites. The peak tissue levels in the low dose qroup occurred at 10 days whereas the peak levels in the hiqh dose qroup was reported at 8 days. 'I'ha hiqhaat tissue levels in the low dose qroup (O.l mq/rat) ware found at 10 days in the RBC followed by liver, kidney and brain. In dacraaainq order, the hiqheat tissue levels of atrazina in the hiqh dose qroup of rata (1.0 mqjrat) at 8 days weraz ~Be, liver, kidney and brain. In qanaral, 10 days attar the last dose ot atrazina (at the 18-day sacrifice), the RBCa, liver, kidney and brain had minimal levels (about 1\) of atraaina and/or ita metabolites raaaininq. Under these exposure conditions, atrazina does not accu.glata in these tissues in rata repeatedly exposed to atrazina. The pattern of atrazin• tissue distribution found in this report was similar that found in taaala rata exposed to a similar doaaqa raqiman (MRID Ro. 404313-05, Study No. ABR-87087). 

Clasaitigatigr.z Accaptablaz This classification is basad on the fact that the mathodol09)' raqutrnanta established in the Pesticide Aaaaasmant Guidelines, i!UWiviaion r 185-1 have bean satisfied only tor raportinq tha distribution and excretion of atrazina in ma1a rata. However, all of th• data raquiraaanta tor metabolism studies sat forth in 185-1 bava not bean reported. 

PCljrapo~ta;atramatb.008 
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Reviewed by: Sanford w. Bigelow, Ph.D. ~'£./ rpuj P/ 
Section VI, Toxicology Branch (TS-769C) /'~ /. 
Secondary reviewer: Robert p, Zendzian, P .D. ,:;.7-9- ,r//1 J'J 
Tertiary Reviewer: Judith w. Hauswirth, Ph.D. 1 ~ .. --.~~/ 
Section VI, Toxicology Branch (TS-769C) ~~,;~ 

DATA EVALUATION REPORT 

I, SQMIIARY: 

STUQX TYPE: Dermal Absorption •· rat (85-3) CASWELL NO: 63 

ACCESSION HUMBER: MBIQ NQ.: 404313-10 

TEST MATERIAL: Atrazine 

f.YNONXKa: 2-Chloro-4-ethylamino-6-isopropylamino-I-triazine 

STVQY HUMBER: ABR-83081 

SPONSOR: CIBA-GE!GY Corp., Agricultural Division, P.O. Box 18300 
Greensboro, NC 27419 Thomas Parsh1ey, Regulatory 
specialist (919) 292-7100 X7207 

TESTING FACILITY: 

TITLE OF BE PORT: 

AQTHOR: G,J, Marco 

CIBA-GEIGX C~rp., Biochemistry Dept., P.O. 
Box 18300 Greensboro, NC 27419 

Excretion Rate of 14c-Atrazine From Dermally 
Dosed Rats (General Metabolism). 

REPQR~ ISSUED: Octo~er ?.0 1 1983 

CONCLUSIONS: 

Thi.a report describes a dermal penetration study of 
atrazine in rats. The parcantaqe of dermally-appliad atrazine 
that was excreted in the urine or faces was reported to be 
dependant on tho atrazina dose (0.025, 0.25, 2.5 or 5.0 mqfkq), 
UrinarJ excretion was the major route of elimination that ranqed 
from 3&.9t in rats dermally-expoaed to 0.25 mqjkq to 58.8t in 
rats exposed to 5.0 mqfkq atrazina. Of the atrazina that was 
absorbed throuqh the skin, about 75\ of the atrazina and/or its 
metabolites ware eliminated in the urine or feces within 72 hours 
after dermal exposure. 

The pattern of urinary and fecal excretion was similar for 
the 4 dosaqas: cuaulativa urinary and fecal levels of atrazina or 
ita metabolites were found to plateau at about 120 hours after 
dermal ~~osura. surprisinqly, the percent of dose that was 
excreted in the urine and feces increased with an increase in 
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dosage. A small percentage oi the dermally-applied atrazina 
remained on the akin and was present in skin waahas. Lower 
percentaqes of the dermally-applied dose were found retained in 
the skin and in skin washes ln those rats given higher doses of 
atrazine. 

Assuming that (l) no atrazine was lost from the dermal 
application procedure and that (2) the percentage of atrazine 
unrecovered after 144 hours of measurement was distributed in the 
rat, 60t to sot of the dermally-applied dose of atrazine was 
absorbed through the skin of the rat within 144 hours of 
exposure. 

Classification: Unacceptable: This classification is 
based on the following reasons: 

l) 

2) 

3) 

4) 

5) 

The solvent tetrahydro~uran was used to dissolve 
atrazine tor dermal application. It is not stipulated 
by the registrant whether tetrahydrofuran is the 
solvent used tor field application. Since the dermal 
absorption of a compound is dependent en the solvent, 
the use of an inappropriate solvent will yield 
irrelevant data reqardinq dermal absorptian. 

The dermal site of application was not covered by a 
material that prevents the test substance from 
exfoliating, or flaking ott the skin (a canopy that 
does not come in contact with skin). Exfnliation of 
the test compound would both daoraasa the amount 
available tor absorption and contaminate the urine and 
feces. 

Only a few tissues, not the compl~te set of tissues, 
were excised and saved for future measurement of the 
levels of atra~ina and its matabclitas as required by 
the recommended tastinq procedure. Furthermore, the 
distribution of daraally-appliad atrazina in these 
selected tissues and residual carcass ware not 
investigated in this study. 

Individual animal data ware not reported. 

In qanaral, tor most compounds, the quantity of test 
substance absorbed will increase with increasing dose, 
however, the percrnt ot dose absorbed should decrease 
with increasing dose, This relationship was not found 
in this study. This anomaly may ~· the result of usinq 
tatrahydrofuran as the vehicle. 
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J:l: • Q7"BUI,H: 

A. Teat Compound: Atrazine 

Description: Net provided in thia atudy. 
Batch t: Not provided in thia atudy. 
Purity: Not provided in this atudy tor the 

nonradicl~beled compound. 
Radiolabelinq procedure: 

All carbona in the a-triazine moiety of atrazine were 
replaced with carbon-14. The specific activity of the 
radiolabeled compound waa 17.2 microCUrieafmq. The 
purity of the radiolabeled teat compound waa not 
reported. The radiolabeled compound waa dissolved in 
tetrah:,·drofuran. 

B. T••t &nimol•: 

Species: 
Strain: 
Aqe: 
Weiqht: 
sourca: 

Rat (temala) 
Harlan Spraqua-Dawley 
Not reported in thi• atudy. 
About 200q 
Harlan spraque-Dawley Madison, WI. 

III:. STDpX PUISjl: 

A. Animal Aaaiqnment: 

Animal• were •••iqned randomly to the followinq teat 
qroupa: 

Table 1 
Aniul Alaiqrment in thb study 
(A1:radne .. tabolia Bxpe:dMnt) 

Day 
Teat 

Sinyle Doae 
c; van' Rata ot 

qroup Cmg/Jsg) Cttmtlt) Sag~ificw 

1 
2 
3 
4 

I 

Low 0.02!5 2 e 
Mid 0.2!5 2 e 
Mid 2.11 2 ' Hiqh !5.0 2 6. 

Attar the laat do•• wa• qiven, the u~inary and fecal 
level• of radioactivity were ••••urad at 24-hour 
interval• for 1 daya. Aniaala vera individually placed 
in aataboliaa caqaa for the collection of facaa and 
urine. 
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B. pose Me~: Atrazine was qiven dermally to the rata aa a 
radio1a~eled active inqredient dissolved in 
tetrahydrofuran. The concentration of 14c-at:o-azine in the 
tetrahydrofuran was not reported. The rats were allowed 
free access to animal feed and ~ap water. 

C. statistics: 

No statistical procedures T~ere utilized as reported in 
this study. 

o. Quality Atluranca: 

A siqned quality assurance statement was provided ~y 
a quality assurance inspector from the reqistrant, the 
la~oratory where the metabolism of radiola~el.td atrazine 
was studied. Accordinq to the statement, the Good 
La~oratory Practice methods were not applica~le to this 
study. 
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A. observations.: The frequency of clinical observations made 
on these rata was not provided in this study. 

Toxi?ity/morcality Cturyiyall results: There were no 
treatment-related deaths reported in this study. 

B. Experimental Protocol: The procedure was conducted to 
assess the metabollam of atrazine. The 200 q rats were 
qiven 0.025, 0.25, 2.5 or 5.0 mqjkq 14c-atrazina. 

"The dorsal hair of [the] rata was shaved with an 
electric clipper uainq a aurqical shavinq haad. 
Only the rata with their stratUIII corneUIII intact 
were selected for treatment. A 1.5 square Clll. 
area was marked on the shaved area and batween 15 
and 20 ul [(microliter)] of the apropriate [sicj 
solution containinq the 14c-atrazine was applied. 
The treated araa on tha rat's back was salacted 
to minimiza possible oral inqeation of t11a 
compound and the rear of tha rats ware ahacklad 
with short lenqth jewelry chain to prevent 
acratchinq of the treated area." 

Urine and faces were collected for analysis from the rata 
expoaad for the 18-day pariod. 

The rats ware sacrificed and the followinq selected 
tissues were collected "and atorad for future us~ if 
needed" (Figure 1), Tho treated area of akin was washad 

~~!hu~~~~~!b:~ ;:~~=~~:~:f~~a~h!0I4~~a~~~~in;~ d~:r:!~:ad 
skin was then placed in tissue aolubilizer to determine 
lavela Gf l4c-atrazine abaorbad into the skin. 

IX Heart 
IX Liver 

I'ICURB 1 

TISSUES EXAMINED IN THIS STUDY 

IX I Splaan 
IX I Lunq 

IX I :Kidn~tya 
IX I Residual carcass 
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v. BBSVLTS: 

The percentage of de~•lly-applied 14c-atrazine that was 
excreted in the urine or feces was reported to be dependent 
on the 14c-atrazine dose. Urinary excretion waa the major 
route of elimination and ranged from 36.9t in rats dermally­
exposed to 0.25 mgjkg 14c-atrazine to 58.8t in rats exposed 
to 5.0 mqjkq 14c-atrazine (Table 1). Most of the 14c-label 
was eliminated in the urine or fe"es within 48 hours after 
dermal exposure (Table 2). The pattern of u~inary and fecal 
excretion, (i.e., comparing i:he .. microqrama per square 
cent.imetar of dermally-applied "'4c-atrazine to the microqrams 
of excreted 14c-labell was aimilar for the 4 dosaqes: urinary 
and fecal lavale of 14c-label were found to plateau at about 
120 hours. 

A small percentage of the dermally-applied 14c-atrazine 
remained on the skin and was present in akin washes. Ab.,ut 
lOt of the 14c-label was recovered in the skin waah from the 
rats treated with 0.025 mqjkq 14c-atrazine, about 5t was 
reqovered in the 0.25 mqjkq group, almost 4t in the 2.5 mqjkq 
group, and leaa than lt waa found from rats treated with 5.0 
mqjkq 14c-atratine. The percentage of the dermally-applied 
doae retained in the akin waa (at mqjkq dose): o.72t (0.25), 
0.56t (0.25), O.l6t (2.5), and o.llt {5.0). Lower 
percentaqea ot the dermally-applie~ dose were found retained 
~~s=~•0;ki~c~~~r;~i~:~n washes in thoae rata qiven hiqher 

Aaauminq that (1) no 14c-atrazine waa loat from the 
dermal application procedur• thiiugh exfoliation of the skin 
and that (2) the percentaqe of c-atrazine unrecovered after 
144 houra of meaaurement waa atill distributed in the rat: 

0 

0 

0 

0 

in the rata treated with o.025 mqjkq 14c-atrazine had a 
total of about &Ot of the 14c-label absorbed throuqh 
the akin, 

rata qiven 0.25 mqjkq 14c-atrazine abaorbed about 76t 
of the dermally applied doae, 

the qroup that received 2.5 mqjkq 14c-atrazine abaorbed 
around 76t of the doae, and 

the qroup of rata adminiater•d 5.0 mqjkq 14e-atrazina 
abaorbed about BOt of the dermally-applied doae 

aa meaaur.ad at 144 hours after expoaure. 
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Level Cw/kq) 

Urine 0.025 
0.25 
2.5 
5.0 

7 

'!'able 2 
Pezcent or Dose or 14c-r..'boel. Arter Derllal Exposure 

(taJren ra. '!'able I:) 

Percent of Dose After Treatment !hours) 

24 48 72 96 120 144 

16.5 10.7 4.1 2.5 1.4 1.6 
12.8 10.3 9.9 8.2 4.9 4.2 
21.6 15.9 6.8 5.1 3.0 3.2 
31.5 13.4 6.5 3.7 2.1 1.8 

--

TotAl 

36.9 
50.3 
55.7 
58.8 

---------------------------------------------------------------------------------------------------------

Total Excre·i:.a 

0.025 
0.25 
2.5 
5.0 

0.025 
0.25 
2.~ 

5.0 

4.3 
2.1 
2.5 
8.1 

20.7 
14.8 
24.1 
39.6 

5.4 
5.7 
9.7 
5.9 

16.1 
16.1 
25.6 
19.2 

2.4 
4.0 
3.3 
1.8 

6.6 
13.9 
10.1 
8.3 

1.:2 
3.6 
2.4 
2.8 

3.7 
11.8 
7.5 
6.5 

0.7 
2.3 
1.4 
1.2 

2.1 
7.2 
4.4 
3.3 

0.9 
1.9 
1.2 
0.75 

2.5 
6.0 
4.4 
2.6 

14.9 
19.6 
20.5 
20.6 

51.8 
69.9 
71.8 
79.5 

-



Dosag:e 
fw/kal 

U1:"ine 0.038 
0.25 
2.43 
4.9 

Level. 

8 

Tab1e J 
r.v.1a o~ l.4c-Labe1 (mCLOgJ:w) Arter w bpolnlre 

(tabtn ~rc. 'l'ilbl.e :r:r) 

lliQI:QgD!.I 2f BJ,~;i.Ql,abel Aft!i!l: tl:!i!atllent 

---- F/cP 24 48 72 96 120 

0.007 0.004 1.2 0.8 0.3 0.2 0.1 
0.05 0.033 6.4 5.1 5.1 4.1 2.4 
0.48 0.32 105.6 77.6 66.1 25.1 29.5 
0.98 0.65 309.5 131.5 64.4 36.5 20.5 

-· 

(houn} 

144 Tgta1 

0.1 2.8 
2.1 25.1 

15.7 319.7 
18.1 580.6 

---------------------------------------------------------------------------------------------------------Feces 0.038 0.007 0.004 0.3 0.4 0.2 0.1 0.1 0.1 1.2 
0.24 0.05 0.033 l..O 2.8 2.0 1.8 1.1 0.9 9.7 
2.43 0.48 0.32 12.0 47.3 16.4 11.7 6.9 11.9 106.3 
4.9 0.98 0.65 79.5 57.7 17.8 27.9 12.1 7.3 202.3 

------------------------------------------··--------------------------------------------------------------
Total. 0.038 0.007 0.004 ]..6 1.2 0.6 0.3 0.2 0.2 4.0 
Excreta 0.24 0.05 0.033 7.4 8.0 7.1 5.9 3.6 3.0 34.9 

2.43 0.48 0.32 117.6 124.9 82.5 36.8 36.4 27.6 426.0 
4.9 0.98 0.65 389.0 189.1 82.2 64.4 32.7 25.5 783.0 
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VJ:, DISctZSSIOH: 

This report describes a dermal penetrat .. on study :.!: 
atrazine in rats. '.fhe percentaqe of dermall) ·-applied atrazin• 
that waL excreted in the urine or feces was reported to be 
dep~ndent on the atrazine dose (0.025, 0.25, 2.5 or 5.0 mqfkq), 
Urinary excretton was the major route of elimination that ranqed 
from 36.9t in rats darmally-exposad to 0.25 mqjkq to 5B.Bt in 
rats exposed to 5.0 mqjkq atrazina. (;;the atrazina that was 
abBorbed throuqh the skin, about 75t of the atrazina andjor its 
metabolites were eliminatea in the urine or feces within 72 hours 
after dermal exposure. 

The pattern of urinary and fecal excretion waa similar f~r 
the 4 dosaqes: cumulative urinary and fecal levels of atrazine or 
ita metabolites ware found to plateau at about 120 hours after 
dermal exposure. surpriainqly, the percent of dose that waa 
excret-ed in the urine and feces increased with an increase in 
doaaqe. A small parcentaqe of the darmally-appliad atrazine 
remained en the akin and was present in skin washes. Lower 
parcentaqea of the darmally-applied dose were found retained in 
the skin and in akin washes in these rats qiven hiqher doses of 
atrazine. 

Assuminq that (1) no utrazina was lost from the denl'll 
application procedure and that (2) the percentaqa of atrazina 
unrecovered after 144 ho•.l.ra of measurement was distributed in the 
rat, sot to sot of the dermally-applied dose of atrazina was 
absorbed thrcuqh the akin of the rat within 144 hours of 
exposure. 

Clanitication: unacceptable: Th~.s claadfication is 
baaed on the followinq reasons: 

1) The solvent tatrahydrofuran was used to di•aolva 
atrazine for dermal application. It is not stipulated 
by the raqiatrant whether tetrahydrofuran is the 
solvent used for field application. Since the dermal 
a~aorption of a compound is dependant on the solvent, 
the usa of an inappropriate solvent will yield 
irrelevant data raqardinq dermal absorption. 

2) The dermal site of application was not covered by a 
material that prevents the teat substance from 
exfoliatinq, or flakinq off the akin (a canopy that 
does not coma in contact with akin). Exfoliation of 
the teat compour.J would both decrease the amount 
available for absorption and contaminate the urine and 
fee"'•· 
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3) Only a taw tissues, not the complete set ot tissues, 
were excised and saved tor future measurement ot the 
levels ot atrazine and ita metabolites as required by 
the recommended testinq procedure. Furthermore, the 
distribution ot dermally•applied atrazine in these 
selected tissues and residual carcass were not 
inveatiqated in this study. 

4) Individual animal data were not reported. 

5) In qeneral, tor moat compounds, the quantity of teat 
substance absorbed will increase with increaainq dose, 
however, the percnnt of dose absorbed should decrease 
with increaainq dose. This relationahi~ was not found 
in this study, This anomaly may be the result ot usinq 
tetrahydrofuran as the vehicle. 

PCljreportsjatrametb.009 123 
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DATA EVALUATION REPORT 

I, SUMJIARYt 

STYDY TYPE; Metabolism - rat (85-1) CASWELL NO: 63 

ACCESSION NUMBER: MBIQ NO.: 404313-04 

TEST MATERIAL; Atrazine 

SYNONXMS: 2-Chloro-4-ethylamino-6-ieopropylaaino-I-triazine 

STYPY HUMBERt ABR-87048 

SPONSOR; CIBA-GEIGY Corp., 
Greeneboro, NC 
Specialiet (919) 

Aqricultural Division, P.o. Box 18300 
27419 Thoma• Parehley, Requlatory 
292-7100 X7207 

TESTING FACILITY: 

TITLE OF BEPQRT: 

AQTHOR: G,R, Orr 

CIBA-GEIGY corp. , Biochemietry Dept. , P.o. 
Box 18300 Greensboro, NC 27419 
-and-
SRI International, 333 Ravenswood Ave., Mnelo 
Park, CA 94025 (Study No, LSC-1469) 

Diepoeition of Atrazine in the Rat (General 
Metabolism) • 

REPORT ISSUED: October 23 1 1987 

CONCLUSIONS: 

The distribution of atrazine in rate wae found to be dose­
dependent and independent of sex. Of the tieeuee studied, the 
red cella store the hiqhest lavale of atrazine, apparently 
throuqh the covalent bindinq of a metabolite. In rate ;ivan a 
einqle oral doee of 100 mq/kq atrazine, in decreasinq order, the 
lavale found in the followinq tissues were; red blood cells, 
heart, spleen, lunq, liver, kidney, brain, qonada, pituitary, 
muscle, bone, fat, and plasma. In rats qiven repeated daily 
oral doses of 1 mq/kq atrazine, in decreasinq order, the levels 
found in the followinq tissues "'ere: red blood cella, liver, 
spleen, kidney, lunq, heart, pituitary, brain, qonada, muscle, 
bone, fat, and plasma. Under the expoeure reqimen used in this 
study, atrazine does not accumulate in the tiseuee of the rat, 
except perhape for the red blood cell. The pattern of atrazine 
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tissue distribution tor atrazine in this study is similar to that 
found in rats repeated exposed to atrazine (HRID Nos, 404313-05 
and 404313-09), 

The distribution or atrazine was reported to follow first­
order kinetics. Two major relationships are found: (l) the whole 
body halt-lite, or t 1; 2, and the volume or distribution, or vd, 
are indeper~.dc.nt ot the dose of atrazine and (2) the plasma 
concentration of atrazine or ita metabolites are directly 
proportional to the ~ose of atrazine. Plasma concentrations or 
atrazine measured during and after atrazine exposure showed that 
the who!e body half-life (tlL2) ot atrazine or its metabolites is 
31.3 hours (1.3 days) in rats. These reported findings further 
indicate that atrazine does not accumulate under this exposure 
regimen in the rat. 

Excretion of atrazine in rab. About 95\ of the atrazine 
administered orally is excreted within 7 ~ays after cessation of 
exposure. The route ot atrazine excretion was reported to be 
independent of the dose and sex of rat. About 75\ of the 
atrazine is excreted through the urinary route whereas about 20\ 
ot the atrazine is eliminated in the feces. 'l'he elimination 
route tor the remaining 5\ was not reported. Also, the level or 
atrazine elimination by exhalation or through the skin (sweating) 
was not reported. 

summary. The whole body half-life of 1.30 days tor atrazine is 
consistent with the observation that about 95\ of the 
adminiatered dose is aliminatet! within 7 days after exposure. 
The red calls store the highest concentration of atrazine in the 
rat, apparently through the covalent binding of a metabolite. 
Under the dose regimen employed in this study, atrazine does not 
accumulate in the rat. 

ClassifiCation: Acceptable: This classification is based 
on the fact that the methodology requirements established in the 
Pesticide Assessment Guidelines, Subdiviaion F 185-1 have been 
satisfied only tor reporting the distribution and excretion of 
atrazine in male rats. However, all of the data requirements tor 
metabolisa studies set forth in 185-1 have not been reported. 
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:II. M'T'!It!a: 

A. T11t Compound: Atrazine (2-chloro-4-ethylamino-6-
ilopropylamino-a-triazine) 

De•cription: Not provided in thil 1ummary report. 
Batch t: Not provided in thi• •ummary report. 
Purity: Not provided in tht. 1ummary report for the 

nonradiolabeled compound. 
Radiolabelinq procedure: 

All carbona in the triazine moiety of atrazine were 
replaced with carbon-14. The •pacific activity of the 
radiolabeled coapound wa• 9!5.8 microCUriea;mq in low 
do•• experiaent• and 1. 06 aicrOCUrie•faq in the hiqh 
do•• experiment•. The purity of the radiolabeled teet 
compound waa reported to be 2:. g n a•certaine<l by two 
<lifferent thin-layer chroaatoqraphy •Y•t .... 

B. Te1t Animal•: 

speciee: Rat 
Strain: Spra;ue-Dawley CD 
Age: Not provi<le<l in thi• report. 
Weiqht (aean): 160-22!59 
Source: Charla• River Bree<linq Laboratoriee, Portage, MI 

(refer top. !59 of thi• 1tucly). 

J:l::I. STQDX DI&Jqtf: 

A. Animal Attiqnmtnt: 

Animal• were aaeiqned randomly to the following teat 
group•: 

Table 1 
Anialll AaMiqmaent in thia Study 

(At.radna Bl.i:llination ancl Diatril:Ntion Bxpar:lJIIIIlt) 

Daily oral Duration 
Tilt Dole Given• Rat• of 
Group Cwl!cql malt fgale lxpotur• 

1 Control o.o :a 2 none 
:a Low 1.0 !5 5 1 day 
3 High 100.0 !5 !5 l clay 
4 SUl:IQ 1.0 5 5 15 d!lYI 

I After the laat oral dose was given, the urinary an<l fecal 
level• of radioactivity were meaaured for 7 daya. 
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Aniaala were ·individually pla~ed in matabolia~ caq¥a for 
the collection at tac¥a and urine. 'l'ha collection of 
metabolite wae conducted at SRI International. The 
aamplaa ware then ehipped to the CIBA•GEIGY laboratory in 
Greenabaro, NC tor analyaie. 

B. poea Metho4: The rate were allowed a ona·waak ~ccliaation 
period prior to initiation ot experimentation. Atrazine 
waa qiven orally (via a atomach tuba) to thw rata aa an 
active inqrediant or aa a raliiolabalad active inqradiant. 
'l'h"' vehicle wae 3t corn etarch and 0. 5t polyeorbata so 
(v/v). The rate were allowed free ace••• to animal feed 
(Purin~) and tap water. 

c, Statilt:tce: 

The tollowinq procedure• were utilized in analyzinq 
the numerical data: 

One· and two•way analyeiM ot variance (ANOVA) wae uaed 
to a••••• the atatiatical ei·.Jnificance of reaulta between 
doee, treataent qroupe or eex. When appropriate, Dunnett• 
or Nawman-Keule t-teete were performed to a••••• 
difference• between qroup meane. 

For qen~ratinq the kinetic modele, the excretion data 
wae uaed. Thia evaluation wae performed by I.W.F. Davidson 
ot Bowman Gray School ot Medicine. Additional kinetic 
paraaetere euch ae rate conetante, halt·lita valuee, and 
alpha and beta diatribution valuee were obtained with the 
uae ot the ESTRIP and PCNONLIN computer proqra.• calculated 
by C.K. Hetzler ancl D.L. Weiner (Statiltical (:oneultante, 
Edqewood, KY). 

D. Quality A11urange: 

A eiqnecl quality aaeurance atatement waa provided by a 
quality aeeurance inepector from SRI International, the 
eubcontractinq laboratory where the metaboliem of 
radiolabaled atrazine wae etucliecl. Accordinq to the 
etat .. ent, the Good Laboratory Practice methode were 
followed in thia etudy. However, the analytical phaae of 
the metaboliem etucly waa reported not meet the Good 
Laboratory Practice• Requirement• of 40 CFR Part 160 
becauee: {1) "there wae no QA [quality aeeurance] 
inapection of the ~nalytical phaee of the etudy" and (2) " 
there wae no QA audit of [thie] final report ABR·87048." 
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IV. IQSTIIODS: 

A', Ob11rvation•: The frequency of clinical obaervation• 111ade 
on th••• rat• waa not provided in thia •tudy. 

Toxicity/mortality Cauryiyall retulta: There were no 
treatment-related death• reported in thil 1tudy, 

B. Experimental Protocol: The procedure w11 conducted to 
a••••• the diatribution (and eliaination) of atrazine. 

AI ahown in Table 1, three group• of rata (5 male• and 
5 female•) were treated orally lith atrazine, The firet 
group received a •ingle do•• of e-atrazine at 1 aqjkql a 
••cond qroup were qiven a ainqle doae of 100 mqjkq 14c­
atrazin•l and a third qroup received daily do••• of 1 
mqjkq of nonradiolabeled urazine for 14 day• and on day 
15, wa• given 1 mqjkq c-atrazine. A control group 
received vehicle only. 

Following the la1t doae of 14c-atrazine in each qroup, 
the face• and urine were mea1urld in each animal for 7 
day1. Followinq thi1, the rat• were 1acrificed and the 
urine, fecea, and red blood ce~l•, and the followinq 
selected ti11u11 were analyzed fot' ·--'c content (Fiqure 1), 
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pigeatiye sytttm 
I I Tonqut 
I I Saliva~.! gland•* 
I ; Esophaqu•* 
I I stomach* 
1 1 Duodenum• 
I I Jejunum• 

I I Ileum• 
I I Ctoum* 
I I Colon* 
I I Rectum• 
IX I Livtr •+t 
I I Gall bladder*f 
I I Pancrea•• 
Rttpiratgrv 

I I Traohea*f 
IX I Lunq*l 
I I No••A 
I I PharynxA 
I I LarynxA 

PIGURB 1 

cardioyatcular 
I i Aorta• 
IX I Heart•l. 

006718 

Nturolpqigal 
IX I Brain*+@ 
I I Peripheral nerve•t 

I I Bone marrow*f 
I I Lymph node•* 
IX 1 Spleenl 

I I Spinal cord (3 ltvtl•l** 
IX I Pituitary* 

I I Thymu•* 
I I Eyee (optic n.) *f 

IX I Red blood cell Glan4ular 
urogenital 1 Adrenal gland* 

IX I Xidney•*+f I Exorbital lacrimal 
I I Bladder* I X MtiDIDiry gland•t 
IX I Te•te••+t I Parathyroid••++ 
I I Epididyaide• I Thyroid••++ 
I I Pro•tate Othtr ti••ue• 
I 1 Seminal veeicleiX Bone (femur)*f 
IX I ovariea•+l IX Mutcle*fl 
IX I Uteru•*l I Skin•f 
I I cervix I All gro•• lesion• 
I I Fallopian tube• and aa••••* 

IX 1 Reeidual caroaeel 
IX I Fatl 
IX I Pla•aa (blood)@ 

glandj 

* Required for •Ubchronic and chronic •tudie•. 
A Required for chronic inhalation. 
jl In subchronic studie•, exuined and pre•erved only if indicated 

sign• of toxicity or target organ involvement, 
+ Orqan weight required in •ubohronic and chronic •tudi••· 

++ Organ weight required for non-rodent •tudie•. 
@ Required for determining di•tribution in aetaboli•• •tudi••· 
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v. UIIJLTII 

A, Pittribution and Elimination of Atrozint and Its 
H.ttobplitll 

Five malt ancl !5 tamale rat• were uttcl to •••••• the 
dispotition and elimination of otrazine after acute or 
tubchronic expoture. Table 2 thowt that the total recovery 
Of atrazinl averu:•d 102, 9t for the qroup qiVIn I linqll 
dote of 1 mqjkq c-otrozine1 103.2t tor the qroup of rat• 
qiven a tinq1e do111 of 100 mq/kq 14c-atrazine1 and 88. 3t 
for the qroup of rat• qiven a daily clo11 ot 1 mqjkq 
otrozine followed by a tinqle dote of 1 aqjkq 14c-atrozine 
on clay 1!5 (referred here 11 the tubchronic qroup), 

concerninq the elimination ot atr•zine or itt 
metabolitlt 1 approximately 9!5t of the 14c-label wot 
excreted within 7 day• ot the laat expoaure <{t,bll 2). In 

:!~r;t,lr~':r'th:f u~i~! 1 w~:;:!;Y a~!:t 0
z'ot ~~ th;-1_a,bc1-11a::~ 

vat eliminated in the fecea, Both cliacuaaion of other 
routea of eliaination and the reaaininq !5t of the 
adainitterecl atrazine w•r• not reported. 

H~ever 1 difference• between doaaqe qroupa for tiasue­
borne c-label were obtarvad. A ttatiatically aiqnifiQont 
deer•••• (p <0,0!5) in the mean level of tiaaue-borne 14c­
lobel waa found in thole rota qiven a ainqle doaa of 100 
mqjkq when coaparacl to the qroup of rata who received a 
linqle doll of 1 aqjkq atrozine. Alao1 a atatbtiaolly 
tiqnifiaant dear•••• (p <0,0!5) in the mean level of tia3ue­
borne 14c-l&bel waa found in thote rata subahroniaally 
treated with atrazine when compared to the qroup of rat• 
who received a ainqle dote of 1 aq/kq Uc-atrazine. No 
difference• were obaervecl between ••x•• reqardinq ~'c-label 
in the"urineJ fecea 1 and the tiaauea meaaured 7 daya after 
expoture to ~•c-atrazina. 

The red blood Cllll (RBC) had thl hiqhllt levels of 
14c-label of all ti••u•• atudiecl (Table 3). The ratio of 
RBC bindinq of the 14c-label vat proportional to the do•• 
adaini1tered1 i.e. 1 the concentration for the high cloae 
tinqla axpoaura qroup (100 mqjkq) waa about 100 ti••• that 
of the low dote tinqle expoture qroup ( 1 119/kq) 1 and the 
tiatua concentration of the tubchronic qroup (1 m;/kq for 
1!5 daya) waa the , .. , (1.11 ancl 1,00) to that of the low 
doaa qroup. The ratiot 1 1.11 and 1.001 alto provide some 
indication that atrazint ancl ita metabolite• had not 
accuaulatecl in the reel blood cella or any other tiaauea 
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under thia axpoaura reqi•en. Thia aaaertion 1a baaed on 
the obaervation that tiaaua concentration• ware the aame in 
the acute and aubchronio axpoaure qroupa (Table 3), 

The hiqh concentration of 14c-label reported in the 

;:;9:;~~~=~11\~-~i~:!'':~dl~;f~~h:~ed~!~ilblo~hec:~h~; 
the product of a covalent interaction between the triazina 
moiety of 14c-atrazine and the cyateinal aulfhydryl qroupa 
in the rat hemoqlobin macromolecule. 

The \ef,aininq tiaauea Hated in Table 3 ahow lower 
level• of c-atrazine apt, ita metabolitaa, Alae, in theae 
tiaauea, the ratio of c-label binding waa proffrtional 
lower than the adainiatered doae, e,q,, C-label 
conc::entrationa in the aubchronic qroup were lower than 
that for the acute axpoaure group (Table 5), Thia findinq 
providea evidence that atrazine or ita aetabolitea •ppear 
not to acc::umulate in any tiaauaa under thia axpoaura 
raqiaan. However, c::uaulative bindinq of atrazine 
~etabolitea in RBCa attar chronic expoaure aay occur, 

Iixicgkinetig mgdtlinq, The whole body halt-life (t112) of 
C-label waa 31.3 ± 2.8 houra (1,3 daya) wae calculated 

troa the urinary excretion data.. The author reported that 
the data beat fita an open two-coapartaent toxicokinatic 
aodal. In addition, no atatiatically aignificant 
difference• were reported between treatment qroupa or aex 
raqa~dinq the valuea fora alpha, beta, k10 , k12 and k21 or 
the w:.'lola body t 1;2 value. 
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'l'able 2 
Dist.rillutioa 8Dd BU•tnat:ioa or 14c-~.a'heJ. (JIIIa) After 7 Da:p l'Oll.owiDg l.4c-At:razi.De 'l'l:aatz_;.t 

(bolr- rrca 'l'able :I) _ 

Dose 1.0 wqjkg 100.0 aq/lw 1.0 aqjkq (&UMbT9ftiCl 

Sex (f) 11111-(5) .... 1 .. (5) Males(5) .... 1 .. (5) Ma1es('5) F-1-(5) 

Urine 0.77 +0.01 0.77 +0.02 77.27 +1.67 79.86 +2.16 0.67 +0.04 0.62 +0.09 

Feces 0.18 ±0.01 0.19 +0.01 21.34 +0.55 17.85 +0.71 0.19 +0.01 0.17 +0.01 

TiHues 0.06 +0.001 0.07 +0.001 4.98 +0.13 4.48 ±0.34 0.047 +.002 0.046 +0.002 

cage vasha 0.002 +0.0004 0.003 +0.001 0.33 +0.08 0.29 ±0.11. 0.005 +0.001 0.006 +0.001 

---------------------------------------------------------------------------------------------------------Total 1.02 +0.01 1.04 +0.01 

t Recovery 102.9 +1.1 

103.92 +1.44 102.48 +2.89 

103.2 +1.5 

0.92 +0.44 0.85 +0.09 

88.3 +4.9 

a At sacrifice, the cag .. -re -shed with a water acetone •ixture (1:1) anc1 10 u aliquot& ~ 
.aasured for radioactivity. 
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'l'abl.e 3 
DiatrillutioD and Bli•inatJ.cm o~ 14c-rabe1 (IP) Afl:er 7 Days Pollmfi.ng l.4c-Atrazb. '!'raatz nt 

(ta...., rEaa 'rable :IV) 

Do- 1.0 wq(kg 100 • 0 wq(kg 1.0 wg{kg 'subcbronicl 
Sex (I) Kales(5) ·--1-(5) Kal-(5) Feaal.-(5) Ka1es(5) F-1-(5) 

R8C 0.559 0.627 67.536 62.366 0.662 0.628 
Kidney 0.229 0.263 6.936 6.990 0.155 0.140 
Liver 0.247 0.498 7.378 7.468 0.204 0.212 
---------------------------------------------------------------------------------------------------------Brain 
Gonada 
Heart 

0.166 
0.147 
0.144 

0.162 
0.198 
0.154 

5.210 
5.124 

11.72G 

4.580 
5.799 
9.770 

0.076 
0.066 
0.137 

0.070 
0.050 
0.102 

----------------------------------------------------------------------------------------------------------Spleen 
Lunq 
Pituitary 

0.136 
0.115 
o.o8o 

0.148 
0.134 
0.081 

10.748 
9.229 
4.126 

12.563 
9.128 
4.220 

0.156 
0.111 
0.088 

0.169 
0.132 
0.074 

----------------------------------------------------------------------------------------------------------carcass 
lll•scle 
Bona 

0.076 
0.060 
0.044 

0.080 
0.067 
1).047 

6.349 
4.080 
3.476 

5.901 
3.637 
3.625 

0.069 
0.044 
0.042 

0.061 
0.041 
0.038 

------------------------------------------------------------------------------------------~---------------Pat 
Pl-­
)la_.ri-
uterua 

0.015 
0.009 

0.011 
0.010 
0.005 
0.033 

1.245 
1.200 

1.320 
1.039 
0.346 
3.743 

0.014 
0.011 

0.1)09 
0.013 
0.006 
0.047 
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V. DISCUSSXOJ[I 

The diatribution of atrazina in rata was found to b• dose­dependent and independent of sax. Of the ti .. uaa studied, the red calla store the highest lavale of atrazina, apparently through the covalent binding ot·a metabolite. In rata given a single oral doaa of 100 mgjkg atrazine, in decreasing order, the level a found in the following tiaauaa ware: red blood cella, heart, spleen, lung, liver, kidney, brain, qonada, pituitary, muscle, bona, tat, and plasma. In rata given repeated daily oral do••• ot 1 mg/kg atrazina, in decreasing order, the levels found in the following tiaauea ware: red blood cella, liver, spleen, kidney, lung, heart, pituitary, brain, gonads, muscle, bona, tat, and plasma. Under the exposure regimen used in this study, atrazina does not accumulate in the tiaauaa of the rat, except perhaps for the red blood cell. The pattern of atrazina tissue distribution for atrazine in this study ia similar to that found in rata repeated exposed to atrazine (MRID Noa. 404313•05 and 404313-09), 

The distribution of atrazine waa reported to follow first­order kinetics. Two major relationships are found: (1) the whole body halt-lite, or t112 , and the volume of distribution, or Vd, are independent of the dose ot atrazin• and (2) the plasma concentration ot atrazine or ita metabolites are directly proportional to the doae of atrazine. Plasma concentrations of atrazine measured during and after atrazine exposure showed that the whole body half-life (t1, 2) ot atrazine or ita metabolites ia 
31.3 hours (1.3 days) in ra~a. These reported findings further indicate that atrazine doea not accumulate under this exposure regimen in the rat. 

Excretion of atrazine in rata. About 9!5t of the atrazine 
administered orally ia excreted within 7 days after cessation of exposure. The route of atradne excretion was reported to be independent ot the dose and aex of rat. About 75t of the atrazine ia excreted through the urinary route whereas about 20t ot the atrazine is eliminated in the face~~, The elimination route for the reaaininq 5t was not reported. Also, the level of atrazine elimination by eXhalation or through the akin (sweating) was not reported. 

summary. The whole body halt-lite ot 1.30 days tor atrazine ia consistent with the observation that about 95t of the 
administered dose is eliminated within 7 days attar exposure. The red cella store the highest concentration of atrazine in the rat, apparently through the covalent binding of a metabolite. Under the dose regimen employed in this study, atrazine does not accumulate in the rat. 
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Cl•••ification: Acceptable: Thi1 clattification il bated 
on the fact that th• aathodoloqy raquiraaant• aatabliti:lad in the 
Paaticida A11111aant Guidalinaa, Subdiviaion F 185-1 have bean 
~atiafiad only for raportinq the diatribution and excretion of 
atrazine in aala rata. However, all of the data raquir .. anta f~r 
~•tabulita ttudiaa aat forth in 185-1 have not bean reported • 

• 
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DATA EVALUATION REPORT 

I, SUJIMARY: 

STQDX TYPE: Metakloliam - rat (85•1) 

ACCESSION HUMBER: 

TEST MATERIAL: Atraaina 

CASWILL NO: 63 

MBIP NO.: 404375-01 

SYNONXKS: 2•Ch1oro-4-ethylamino-6-iaopropylamino-I-triazina 

STQpX HUMBER: ABR•87116 

SPQNSORI CIBA-OIIGY Corp,, 
Greenakloro, NC 
Specialist (919) 

Aqricultural Diviaion, P.O. Box 18300 
27419 'l'homaa Par11hley, Requlatory 
292-7100 X7207 

TESTING fACrLITX: 

TITLE OF BEPQR'I!: 

AUTHOR: G.R, Orr 

CIBA•GEIGY Corp., Biochemiatry Dept., P.o. 
Box 18300 Greenskloro, NC 27419 

A SUIIIIary of the Diaposition, I<inatics and 
Metabolism of Atrazina in the Rat (General 
Metaklolism) • 

REPQRT ISSUEPI Novaabar 17 1 1987 

CONCLUSIONS: • 

The summary data reqardinq the diatriklution, metaklolism and 
the elimination of atrazine were provided in thia report. To 
this and, three separate experiment• were conducted with the usa 
of three qroups of rats. Radiolaklelad atrazine (triazine rinq, 
uniformli labeled) waa used kly the authur to meaaure the 
disposit on of atrazine and/or ita mataklolites in the rat. The 
first experiment was performed to assess the distriklution and 
elimination of atrazine in mala and female rats repeatedly 
axpc•ed to daily do••• ot atrazina. The second experiment was 
performed to assaas in further detail the distriklution of 
atrazina in tamale rats, eapecially in the red kllood call. The 
third experiment was conducted to identity the urinary 
metaklolites of atrazine formed by the tamale rat. The 
aklsorption of atrazina in male or tamale rats was not reported. 
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AbSOrption Of' atrazina in rats. No data WU provided in this 
summary report regarding the absorption of atrazine in rats. 

pistribution of Atropine in rots. The distribution of atrazine 
in rats was found to be dose-dependent and independent of sax. 
ot the tissues studied, the reel blood calla store tha hiqhest 
laval~ of atrazina, apparently through the covalent binding of a 
metabolite. In rats given a sinqla dose of 100 mg/kg atrazina, 
in decreasing order, the levels found in the following tiaauas 
ware: heart, spleen, lung, liv11r, kidney, brain, gonad11, 
pituitary, muscle, uterus, bone, fat, and plasma. Under the 
exposure regimen used in this study, atrazina doaa not accumulate 
in the tiaauaa of the rat, except perhaps for the reel blood call. 

The pattern of tiaaua distribution or atrazina in rats 
repeatedly exposed differ• from that of rata qivan a linqla 
exposure of atrazina. In rata qiven repeated daily oral closes of 
1 mq/kg atrazina, in decraaainq order, the levels round in the 
following tissues ware: red blood calla, liver, spleen, kidney, 
lung, heart, pituitary, brain, gonads, muscle, bone, fat, and 
plasma. Under the exposure regimen used in this study, atrazina 
does not accumulate in the tiaauea of the rat, except perhaps for 
the red blond cell. The pattern or atrazina tissue distribution 
for atrazina in this study is similar to that found in rata 
repeated exposed to atrazina <••• KRID Noa. 404313-04, 404313-05 
and 404313-09 for mora detail). 

The distribution of atrazina was reported to follow first­
order kinetics. TWo major relationships are found: (l) the whole 
body half-life, ~r t 112, and the voluaa of distribution, or vd, 
are independent of ~~ dose of atrar.ina and ( :z) the plasma 
concentration of atrazina or ita metabolite• are directly 
proportional to the dose of atrazina. Plaaaa concentrations of 
atrazina ••••urad during and after atrazine exposure ahowacl that 
the whole body half-life (t112 ) of atrazine or ita ••t&bolitea ia 
38.& hours (1.61 clay•) in rita. These reported finclinqa further 
indicate that atrazine does not acCUIIulate under this exposure 
regimen in the rat. 

As ••ntioned aboYe, the hiqhaet level of atrazine was found 
in the RBC. The ••tiaatecl halt-lif£ of 1.14 clays in Jl8Ca ( .. 
comparee!. to the whole body half-life of 1.11 days) indicates that 
extensive bindinq of atrazine or ita aet&bolitea in RICa waa 
occurring. However, after cessation of •ul tiple expo1ure, the 
concentration of atrazine or its aetabolite• in RICa declined at 
all doses except for tba highest dose, 100 aCJ/k9 atrazine. 
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Excretion of atrazine in ratt, About 95t of the atrazine 
administered urally it excreted within 7 dayt after cattation or 
exposure. The route of atrazine excretion wat reported to be 
independent of the dose and sex of rat. About 75t of the 
atrazine it excreted through the urinary route whereat about 20t 
of the atrazine it eliminated in the feces. The elimination 
route for the remaining 5t was not reported. Alto, the level of 
atrazine elimination by exhalation or through the tkin (sweating) 
was not reported. 

Metabolism of atrazina in ratt. The data reported in thit ttudy 
indicates that dechlorination of the triazine rinq and N­
daalkylation are the major metabolic pathways for atrazine in 
ratt. oxidation of the alkyl substituent• of atrazine appear• to 
be a minor and secondary metabolic route. 

The author arguat that a "carbon-sulfur lyate," cleavet the 
glutathione reaidue from an atrazine metabolite to produce a 
thiol-containinq atrazine metabolite. The author further poaita 
that the action of the lyate reaulta in the covalent binding of 
the thiol-containing atrazine metabolite to h-oqlobin in the 
red blood cell, a fincHng from the multiple expoaura ttudiat 
(depicted in Table 7). However, the author haa not provi~.,d 
evidence in thia atudy whether lyaae ia preaent in red blood 
cella. 

symmary, The whole body half-life of 1.61 day• for atrazina it 
consittant with the obaervation that 95t of the adllinietered do•• 
ia elimination within 7 day• after expoaure. The red cella atore 
the hiqheat concentration of atrazina in the rat, apparently 
throuqh the covalent bindinq of a metabolite. UnoSar the doae 
regimen employed in thie ttudy, atrazine doe• not accumulate in 
the rat. 

Clataificationa ~le: Thia clallitication ia balld 
on the tact that the .. thod.olo;y requirement• eatabliehed in the 
Petticide Aaaea ... nt Guidelinea, Subdiviaion F 185-1 have been 
aatiafied only for reportinq (1) the identity of urinary 
.. tabolitea of atrazine in female rata a• wall aa (a) the 
diatribution and excretion of atrazine in male and female rata. 
However, all of the data raquire~enta for metaboliaa etudiea aet 
forth in 1\&Miviaion r 115-1 have not been reported, i.e., (a) 
the urinary and fecal .. tabolitea of atrazine in male rata and 
(b) the fecal ••tabolitee of atrazine in f .. alea •uat be 
identified to cORplately aatiafy the 115-1 data reporting 
reqyire .. nta for the •etabolitm of atrazine in the rat. 
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II. pzprexa: 

A, Tilt CO!pPOUDd I Atrazine (2-chloro-4-ethylamino-6-
i•opropylamino-a-triazina) 

Daacriptiona Hot provided in thia aummary report. 
Batch t: Hot provided in thie aummary report. 
Purity: Hot provided in thia aummary report. 
Radiolabalinq procedure: 

All carbon• in the triazine aoiaty of atrazina ware 
replaced with carbon-14. [The •pecific activity of the 
radiolabelad compound wa• not reported in thia •ummary 
report aa required by FIFRA Sub4ivi•ion F te•t 
quidalinea 185-1 (b) (2)(i).] 

B. T•1t AftiWAll: 

Speciaa: Rat (feaale and aala) 
Strain: spragua-Dawley CD 
Aqe: Not provided in thia au.aary report, 
Weiqht (aaan): about 0.2 kq (reported only for 

Expariaant 13) 
Source: Charla• River 

III. ITQDX D'eJp: 

A. Aniwel AfliCIDMnts 

Aniaala were •••iqned randoaly to the followinq te•t 
qroup•a 

Daily oral Duration 
Ta•t Doaa Givan• Rata of 
lirpup (M/kq) Mill tewelt IIPAIHPI 

1 Low 1.0 !I 5 1 cS•y 
2 Hiqh 100.0 5 5 1 cSay 
3 SubQ 1.0 5 5 15 c!aya 
I After the laat oral c!oaa waa qivan, the urinary an4 fecal 

level• of radioactivity ware aaaaurecS tor 7 c!aya. 
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Tal:lll 2 
AniJial Aali~t in tbb Study 

(Atraaina Diatribution BXpert.aftt) 

Daily oral Do•• Given Rat• 

006718 

Duration 
of 

Grpup fmqlkql Cftmaltl EG0•ure Cday•> 
1 Control 0 2 10 
2 Low1 (LD'l'l) 1.0 2 10 
------------------------------------------------------------3 t.ow2 (LDT2) 
4 Low3 (LDT3) 

3.0 
7.0 

2 
2 

10 
10 

------------------------------------------------------------5 Low4 (LDT4) 
6 Mic11 (MD'l' 1) 

10.0 
50.0 

2 
2 

10 
10 

------------------------------------------------------------7 Hiqh (HD'l'1) 

'l' .. t 
Cirgup 

1 Hiqh 

2 Mid 

100,0 2 

Tal:lla 3 
AniMl Aa1i~t in tbil study 
(Atrasine .. tal:IOlia bpariMnt) 

Daily Oral Do•• Givan Rata 
Caq/Kql Cfaaa1el 

100.0 5 

16.2 - 19.6 8 

10 

Duration 
of 

lxpqturt Cdayl 

1 

1 

B. piet P[tparatipna Atradna waa wa• given orally to the rate (via a ~toaach tube) a• an active inqradiant or a• a radiolabelad active inqr•dient. Aniaal1 ware allowed free aoo111 to aniaal faad (Purina) and tap water. Tha aniaa11 ware allowed a ona•weak aooliaation period prior to initiation of axpariaantation. 
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c. statittie•: 

The followinq procedure wa• utilized in analyzinq the 
numerical data; 

Analy•i• of variance (ANOVA) wae ueed to a••••• the 
etatietical •iqnificance of reeulte between treatment 
qroupe and •exee. 

D. quality Alturang•: 

A •iqned quality a••urance etatement wae provided by 
a quality aeeurance inepector froa SRI International, the 
eubcontractinq laboratory where the aetaboli•m of 
radiolabeled atrazine wa• •tudied. Accordinq to the 
•tateaent, the Good Laboratory Practice aethode were 
followed in thie etudy, However, the analytical ph••• of 
the aetaboli•• etudy (a• •tated in Study No. ABR-87048) wae 
reported not aeet the Cood Laboratory Practice• 
Requireaente of 40 CPR Part 160 becauee1 (1) "there wae nc 
QA [quality aeeurance] inepection of the analytical phaee 
of the etudy" and (2) " there wae no QA audit of [thie] 
final report ABR-17041." 
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IV. Jll'l'BOQS I 

A. Obwaryotigns: The frequency of clinical observations made 
on these rata was not provided in this summary report. 

Toxicity/mortality Cwuryiyall rwwulta: There were no 
treatment-related deaths reported in this study. 

B. Atrazine dgwage regiment: Three separate experiments were 
conducted with the use of three qroups of rats. The first 
experiment was performed to a••••• the distribution and 
elimination of atrazine. The second experiment was 
performed to assess in further detail the distribution of 
atrazine, 11peoially in the red blood oell. The third 
experiment was conducted to identify the atrazine 
metabolites formed by the rat. 

1. Experiment fl. As shown in Tables 1, 2, and 3, 
respectively, three qroups of rata (5 males and 5 females) 
were treated orally with atra~ine. The first qroup 
reoeived a sinqle oral dose of 1 c-atrazine at 1 mqfkql a 
••cond qroup were qiven a sinqle oral dose of 100 mqfkq 
Uc-atrazinll and a third. qroup received daily oral doses 
of l mqfkq of nonradiolab!led atrazine for 14 days and on 
day 15, Wal qiven 1 mqfkq C-atrazine. 

Following- the last dose of 14c-atrazine in each ;roup, 
the feces and urine were colleoted in each ani .. l for 7 
days" Following- thb, the rata were sacrificed and the 
urine, floes, and red blood cells, and the followinq 
selected tissues ware analyzed for ~4c oontant (Fi;ura 1). 
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piqastiy• •v•tem 
I I Tonque , 
I 1 Saliv&~i' qlanda* 
1 1 Eaophac;ru•* 
1 1 stomach* 
I I Duodanua* 
I I Jejunum* 

1 IlaWI* 
1 Cacua* 
1 Colon* 
I Ractua* 
IX Liver •+1 
1 Gall bladder*f 
1 1 Pancr•••* 
R11piratorv 

I I Trachaa*f 
IX I I.unq*f 
I I NC!••"' 
I I Pharynx"' 
I I Larynx" 

-
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FIGURE 1 

Cordigyatcular 
1 1 Aorta• 
IX I Haart*l! 

Naurolgqical 
IX I Brain*+l 
I I Peripheral narva*f 

I I Bona marrow*f 
I I Lymph nodea• 
IX I Splaent 

I I Spinal cord (3 levela)•f 
IX I Pituitary* 
I I Eyea (optic n.) ** 

I I Thymua* 
IX I Red blood call Gland~ 

Urogenital 1 Adrenal qland* 
IX 1 Kidneya*+l! I Exorbital lacrimal 
I 1 Bladder* IX Ma ... ry qland*f 
IX 1 Taataa•+l 1 Parathyroida•++ 
I I lpididymidaa 1 Thyroida*++ 
I I Proatata Otbar tia1uaa 
1 1 Seminal vaaiclaiX Bone (famur)*f 
IX I ovariaa•+l IX Muacla•U 
IX I utarua•l I Skin*f 
1 1 cervix 1 All qroaa laaiona 
I I Fallopian tubaa and •a••••* 

IX Raaidual carcaaal 
IX Patl 
IX Plaaaa (b1ood)l 

qlandf 

* Required for aubcb~onic and chronic atudiea. 
"' Required for chronic inhalation. 
il In a•lbohronic atudiaa, exuined and preaerved only if indicated 

aigna of toxicity or tar;et or;an involv•••nt. 
+ Orqan weiqht required in aubohroni~ and chronic atudiea. 

++ orqan waiqht required for non-rodent atudiaa. 
f Required for detar.ininq diatribution in ••taboli•• atudiea. 

a. lxpari••nt ta, Aa liatad in Tabla a, in an effort to atudy 
in •ora detail the toxicokinetic diapoaition of l4c­
atralina aa a lUnction of the doae of atra1ina and the ti•• 
of aacrifice, •\x qroup• of female Spraque-Dawlay rata were 
treated with 1 c-atralina while another qroup of fa•ala 
rata aarvt!!-1 aa a control qroup. The qroupa of rata were 
given a daily oral doaa for 10 conaecutive daya at o .;/k9 
(vehicle only) , 1 IICJ/~' 3 .;/k9, 7 IICJ/kq, 10 IICJ/kq, so 
IIIJ/kq, and 100 119/kq c-atralina, The vehicle wa• an 
aqueoua aolution of corn atarch/polyaorbata•IO. Urine and 
facaa ware collected daily. At a4, 41, 7a, 96, 144, 192, 
au, 240, au and all hour•, blood •&J~Pl•• were obtained 
via orbital puncture. Piva •illilitera of bloocl ware 
collected by aortal puncture at •acl'ifice, Tha tiaauaa 
aalaotad for dataraininq the diatribution of llc-labal at 
each do•• are 1i•ta4 in Piqura a. ~n• of the two ani•al• 
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in ~'ch qroup waa aacrificed 3 houra after the tenth dosa 
of c-atrazine and the other animal in each qroup waa 
aacrificed 72 houra after the tenth dose of 14c-atrazina. 
The distribution of l4c-labal in the urine, faces, red 
blood calla, and the followinq selected tissues was 
determined for each female rat (Piqura 2). 

Diqaativ• •v•ttm 
I I Tonque 
I I Salivary qland•* 
I I Esophagus• 
I 1 Stoaach* 
I I Duodenum• 
I I Jejunum• 

I I Ileum• 
I I Cecum• 
I I Colon• 
I I Rectum• 
IX I Liver •+t 
I I Gall bladder•t 
I I Pancreas• 
Bttpiratgrv 

I I Trachea•t 
I I Lunq*l 
I I Nose~ 
I I Pharynx". 
I I Larynx~ 

PICURI 2 

cardipyatcular 
I Aorta• 
I Haart•l 

Mturgloqigal 
IX I Brain*+l 
I I Peripheral narv•*f 

I Bona aarrow•f 
I t.yaph nod••* 

I I Spinal cord (3 lavels)*f 
IX I Pituitary* 

I Splaanl 
I Thyaua• 

I I lyaa (optic n.) *f 

IX I Red blood cell Glan4ular 
Uroqenital 1 Adrenal qland* 

IX I Kidnay•*+l I lxorbital lacriaal 

I I ;;:::::!, IX ~~~~r~l::~!! 
I I Epididymides 1 Thyroids•++ 
I I Prostate Otber tiaauaa 
I 1 Seainal veaicl•l Bone (f .. ur)*f 
IX 1 ovaries•+• 1 Muacle*fl 
I I Uteru•*l I Slcin*f 
I I Cervix I All qross lesions 
I 1 Fallopian tubas and ••••••* 

I Residual Carcassl 
I Patl 
I Plaaaa (blood)l 

qlandf 

• Required for aubchronic and chronic studies. 
~ Required for chronic inhalation. 
f In aubchronic studies, •x-ined and preserved only if indicated 

aiqna of toxicity or tarqet orqan involv .. ent. 
+ orqan weiqht re~ired in aubchronic and chronic studies, 

++ or;an weiqht required for non-rodent atudiea. 
I Required for deteminir~t distribution in aetaboliaa studies. 
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3 , Exptriunt f3 • Aa ahown in Table 3 , ont qroup or ra•alt 
ratt wat qivan a •inqlt oral dott ot atrazint in an attort 
to product •utticitnt ltvtlt ot urinary mttabolittt ot 
atradnt tor identification. Fivt adult t-al• spra~•­
Dawlay rata (about 0.2 kq) ware adminittartd 100 mq/kq 14c­
atrazina. sampltt or urine and ttatt wert obtained at 24, 
48, and 72 hourt. After taking •ampltt tor 72 hour•, tht 
rat• wert aacritictd and 5 ml ot blood and tht liver wert 
obtained. 

In another txpoaure trial, a rat• wert qivtn a tinqlt 
oral txpoaurt ot 16.18 - 19.64 mq/kq 14c-atrazint. Urinary 
••tabolitta wtrt collected over a 24-hour period tollowinq 
trtatmtnt. From thia txpoaurt, atrazint ••tabolittt wert 
potitivtly idtntiritd by confirmation with intrartd and 
•••• tptotra. 
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v. P""'I!DU 

A. Dittribution and Eliminatign ot Atradna and U,a 
Mttabnlitee 

Exparimant tl, The !5 male and !5 female rat• were utad t.o 
a••••• the dilpowition and elimination ot atrazina aft"r tinqle or multiple oral dotal of atrazino. Table 4 thowt 
that the total recovery of atrazine av•ff9•d 103.9t for the qroup ;ivan a winqla dOll of 1 m;/kq c-atrazint, loi4at 
tor tht qroup ot rat• qiven a tinqll dote of 100 mq/kq c­
atrazine, and aa.n tor the qroup ot rat• qiven a daily 
doll ot

1 
1 mq/kq atrazin• tollowtd by a tinqle dote ot 1 

mq/kq 4c-atrazint on day 15 (referred here at the 
multiple dotinq or the multiple expoture qroup). 

Concerning thl elimination ot atr1zine or itt 
aatabolitew, approximately 9!5t ot the ~'c-labal wa• 
excrtted within 7 day• ot thl latt expoture CI~ll 4). In all 3 qroupt ot ratt, rouqhly 75t ot the C-label wat 
excreted in the urine whereat about aot ot the ~4c-label 
wat tliminatad in the tac11. Both dbcu11ion of other 
route• of tliaination and the reaaininq !5t ot the 
adainittered atra1in1 were not rtported. 

Kifevar, dittereno•• between dotaqe qroupt tor titwue­borne C-label were obwervad. A wtatiwtioally tiqnitiofnt 
dtcreame (p <0,05) in thl atan liVIl of tiiiUI-bornl ~ C­
labll vat found in tho11 rat• qiven a tingle dote ot 100 
mq/kq when c011pared to the ;roup of rat• who receivtd a 
tin'qle doll of 1 119/kq atrazint. Alto, a wtatbtically 
wiqniticant deer•••• (p <0.05) in the aean level of tittut­
borne l4c-label wa• found in tho•• rat• treated with 
multiple oral do••• ot atrazin• when compared to the qioup 
ot rat .. who received a winqle oral doll ot 1 119/kq 'c­
atrazine. Ho ditterencet were obttrved between ••xet reqardinq the ptrcentaqe of l4c-label that vat excreted in 
the urine and tec11 (Table 4) , The patttrn tor tbtue 
diltr~utld betv11n winqle and aul tiple expoture qroupt 
I •r• tiailar (Table !5) collected 7 daye after expowure to 
'c-atraline. 

The rid blood oellt (RIC) had the hiqhllt level• of 
14c-labll of all ti\,uet ttudied (Tabll 5). The ratio of 
JlBC bindinq of the C-label wat proportional to the doll 
adainilterld, i.e,, the concentration tor the hiqh do•• 
winqle expoture qroup (100 119/kq) vaa about 100 tiaew that 
ot the low doll tinqle expoaure ;roup ( 1 119/tq) , and tht 
t111u1 concentration ot the aul tiple doll qroup ( 1 119/kq 
tor 15 dayw) waa the •••• (1.11 and 1.00) to that ot the 
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low d.oae ;roup. The ratioa, 1.11 and. 1.00, alao provide 
aome indication that atra1ine and. ita metabolite• had. not 
accumulated. in the reel l:llood cella or any other tiaauea 
under thia expoaure reqimen. Thia aaaertion ia l:laaecl on 
the ol:laervation that tiaaue Qoncentrationa were the aame in 
ainqle and multiple oral expoaure qroupa (Tal:lle 5). 

Moreover, the authora auqqeat that 14c-label l:linclinq 
in the red. blood. cell ia the prOduct of a covalent 
interaction l:letween the tria1ine moiety of 14c-atraline and 
the cyateinal aulfhyd.ryl qroupa in the rat h .. oqlol:lin 
macromolecule. Thia bind in; ia diacu .. acl later in more 
detail in the met&boliaa aection of thia review. 

The \•r.•inin; tiaauea Hated in Table 5 ahow lower 
levela of c-atra1ine And ita aetal:lolitea. Alao, in theae 
tiaauea, the ratio of 14c-label ainclin; waa proportionally 
lower than the aclainiaterecl cloae, e.q., 14c-label 
concentration• in the aultiple expaoure qroup were lower 
than that tor the ain;le expoaure ;roup (Table 5), Thia 
find.inq provid.ea evid.ence that atra1ine or ita aetabolitea 
appear not to accumulate in any tiaauea under thia expoaure 
reqiaen. However, cuaulative binclin; of atra1ine 
aetabolitea in RBCa after chronic expoaure aay occur. 

ToxigpkineUo apdtlina, The data venerated. froa urinary 
excretion were uaad to calculate thea 

o half-life value• (tl/2) of the alpha d.iatril:lutive 
phaaa, and. 

o the whole bOdy half-life value of the l:leta 
excretory ph•••· 

The author reported that the d.ata beat fit an open two­
coapartaent toxicokinetic aodal. Ho atatiatically 
aiqnificant difference• ware reported between traataent 
qroupa or aex reqardinq the valuea fora alpha, beta, k10 , 
k1a and. ka1 or any t11a value. 
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13 . . 

'l'llbl.e 4 
Dlwtrn-tiGII _. DDiaatlaa or Uc-~,abel. (Ra) After 7 Dlly8 Pollaw!Dg 1tc-&tra.ziDe ~ 

(ta.._ tna 'l'llbl.e J:) 

~ 1.0 w/Jrg 100.0 wq[kg 1.0 Jl!l{kq Cp1tip1a dQHil 

sex (f) .. 1-(5) P-J-(5) .. 1-(5) P-.1-(5) Ma1-(5) P-1-(5) 

vriae 0.77 +0.01 0.77 ±0.02 77.27 +1.67 79.86 ±2.16 0.67 +0.04 0.62 ±0.09 

J'ecae 0.18 +O.Ol. 0.].9 +0.01 21.34 +0.55 17.85 ±0.71 0.1.9 +0.01 0.17 -±0.01 

'1'11·-·· 0.06 +0.001 0.07 ±0.001 4.98 +0.13 4.48 ±0.34 0.047 ±-002 0.046 ±0.002 

cage ..a 0.002 +0.0004 0,003 +0.001 0.33 +0.08 0.29 +0.11 0.005 +0.001 0.006 +0.001 --------------- ------------------------------------------------------------------'fotal. 1.02 +0.01 1.04 ±0.01 103.92 +1.44 102.48 ±2.89 0.92 ±0.44 0.85 ±0.09 

• Recowery 102.9 ±1.1 103.2 +1.5 88.3 ±4.9 

c;::, 
c;::, 
0) .... ~ 

,r;. -(J) Q;) 



sex (I) 

0.559 
0.229 
0.247 

1.0 WJ/kg 

0.627 
0.263 
0.498 

1.4 

100.0 Wllkg 

Jla1-(5) 1'-1-(5) 

67.536 62.366 
6.936 6.990 
7.378 7.468 

1,0 M/M CJIU1tiple cioses) 

Jla1es(5) Ptma18111(5) 

0.662 0.628 
0.155 0.140 
0.204 0.212 __________ ,...., ___________________________________________________________________________________ __ 

O.U6 
0.147 
0.144 

0.162 
0.198 
0.154 

5.210 
5.124 

11.726 

4.580 
5.799 
9.770 

0.076 
0.066 
0.137 

0.070 
0.050 
0.102 -------------------------------------------------------------------------------------------- -

0.136 
0.115 
0.080 

0.148 
0.134 
0.081 

10.748 
9.229 
4.126 

12.563 
9.128 
4.220 

0.156 
0.111 
0.088 

0.169 
0.132 
0.074 

--------------------------------------------------------------------------------------------------c.rca.a 
••eel• 

0.076 
0.060 
0.044 

0.080 
0.067 
0.047 

6.349 
4.080 
3.476 

5.901 
3.637 
3.625 

0.069 
0.044 
0.042 

0.061 
0.041 
0.038 

----------------------------------------------------------------------------------------------------------:Pat 
Pl.-
.. ·rt .. 
uteru8 

... 
~ 
~ 

0.015 
o.o-.J 

0.011 
0.010 
0.005 
0.033 

1..245 
1.200 

1.320 
1.039 
0.346 
3.743 

0.014 
0.011 

0.009 
0.013 
0.006 
0.047 

0 
0 
0'-
"""'~ 

CD 

' 

. 
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B. pittributign gf rodiglabwltd atrazint afttr rtptottd 
dailY doting and »Ultiplt 11Wplinq. 

Another experiment Wal conducted With a wrotocol 
daaiqnad to determine t~ bodily diepoeition of 1 c-labal 
afta:r: multiple do••• of 4c-atralina. Tha racove:r:y of the 
total doaa avar\''d 89.2t in rata killed 3 houra attar the 
tenth doaa of c-atrazina and 94. 2t in rata kill ad 72 
hour• aft.ar the tenth doaa of 14c-atrazina avaraqad. The 
amount of 14c-label of 'the total do•• excreted in tha tacaa 
in rata killed at 3 hour• waa ll.4t and waa 14.8t in rata 
killed at 72 houra independent of tha do••· The amount of 
14c-labal of the total doaa excreted in the urine waa 69.5t 
in the rata killed at 3 houra and 76.3t in tha rata killed 
at 72 hour• independ!~t of tha doae. Tha total percentaqa 
of the initial doae c-atrazine axcratad in the urine and 
tacaa in tha rat.a killed at 3 houra waa 82.9t and in the 
rata killed at 72 houra waa 9l.lt. 

plnama cgngantratipna gf atrazina, In thia multiple doainq 
experiment, pl\ama concentration• ware related linearly to 
tha doae of 4c-atrcline (Table IS). ~at ie, plaama 
concantrationa in rata qivan 100 mqfkq 1 c-atrllina y:r• 
rouqhly 100 time• that of rata qivan 1 mq/kq c­
atralina. Thia compariaon appli11 to all of tha doaaqa 
qroupa at moat time point• liatad in Tabla 6. overall, 
durinq daily doainq plaama laval• of atra1ine or ita 
metabolite• qanarally rosa and raachad an apparent plateau 
or ataady•atata. Attar daily doainq had atorpad tha 
followinq toxicokinatic valuaa ware calculated from the 
data obtainads 

0 

0 

0 

tha whole body halt-lifa, or t112• of 38.15 hour• 
( 1. 61 daya) for the elimination ot atralina or 
ita aetabolitaa, 

the aatiaatad volume of diatribution, or vd, tor 
tha daily doaa of 10 mq/k9 wa• 4.15 LVkq, and 

at a doaa of 
concentration of 
ataady•atata waa 
of plaama. 

10 aqfkq, the aaan plaaaa 
atralina or ita metabolitll at 
5.151 mq-equivalenta 14c-labal/L 

For diatribution modale that follow firat•ordar lcinatica 
auch •• thia aodal propoaad for atra1ine, two relationahipa 
ara found1 (1) t112 and Vel are ind•Pff,dant of the doaa and 
(2) tha plaaaa concentration of C•labal il directly 
p~oportional to tha doaa of ~4c-atraline. 
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Doae 1 

Rat t: R5062 
Hour of 
sacrifice: 3 

~ill I (bl:l,) ; 

24 0.068 
48 0.186 
72 0.469 

16 

~le 6 
PI•-· x.v.l.a of 14c-Jabel. {a-) Dllriii!J the Dosing Period and at Sacrifice 

(taken fn. 'ftble v:n::r) 

aqj!tq 3 M/kq 7 aqf!tq 10 J!Cl/kq 50 ag/ka 100 aqlkq 

R5063 R5064 R5065 R506"6 R5067 R5068 RS£169 R5070 R50H R5072 R5073 

72 72 3 0 3 72 3 72 3 72 3 72 

0.061 O.OS3 0.375 0.741 0.562 1.062 1.164 9.291 8.279 27.104 22.298 
0.181 0.452 0.615 1.058 1..884 2.009 1..593 7.161 .129? 28.946 23.101 
0.405 ~.383 1.468 3.267 3.248 4.168 3.957 20.911 17.778 40.320 57.877 ---------·-----------------------------------------------------------------··------------------------

96 0.506 0.596 1.808 1.145 3.3l.l 3.747 4.165 4.661 21.249 24.448 52.2H 55.580 
144 0.582 0.594 2.150 2.608 4.225 3.359 5.069 5.109 25.169 24.604 59.751 69.514 
192 0.560 0.658 1.668 1.941 4.066 3.533 5.343 4.725 23.437 27.682 48.671 44.420 

-------------------------------------------------------··-------------------------------------------------219 0.583 1.406 3.748 5.067 21.351 51.715 
240 0.185 0.703 1.628 3.099 26.4!.3 29.566 

---------------------------------------------------------------------------------------------------------264 
288 

..... 
c.n ..... 

0.144 
0.117 

0.789 1.371 
0.340 0.868 

1.H3 13.352 17.682 
1.600 8.302 14.775 

' 
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RJK: opnctntratipna pt atrllint, Tht aaat txptriatntal 
atthod uatd tor dttaraininq plaaaa concentration• ot 
l).tradnt ,,. ita attabolit•• waa .. ploytd to aaaaurt tht 
ltvtl or 4c-lab!\ in rtd blOod cella (RICa), The 
concentration ot c-labtl in RICa ro•• durinq reptattd 
daily doainq of ~4c-atrazint and did not reach a plateau or 
ateady atatt (Table 7). RIC concentration• appeared tq ba 
proportional (uaually aupralintar) to the doll of Uc­
atrazint. Aft\r ctaaation of daily doainq, the 
concentration ot 4c-labtl dtclintd for all doata except 
the hiqheat doae, 100 aqjkq 14c-atrazint. 

After daily do!inq waa atopped, the data waa obtained 
froa tht ltvtl of C-labtl in tht urint. Tht tollowinq 
toxicokinttic value• wert calculated froa thoat data: 

0 

. 0 

0 

tht .-ean doaaqt half-lift, or t112 , waa 1562. g 
houra (8 .14 daya) tor the tliainatlon of a\.~azint 
or ita aetabolitta froa RICa, 

the tatiaated voluat of dittribution, or vd, for 
tht daily doat of 10 aq/kq waa o, 7 L/k9, and 

at a doat of 10 aqjkq, the atan plaaaa 
concentration of atrazint or ita -t~tbolit•• at 
attady-at~t• waa 104.6 aq-equivalenta 14c-labtl/L 
Of Ctllt. 

Tht RBCrplaaaa concentration ratio waa rouqhly 
related linearly in all do•• ltvtla. Tht tatiaattd half­
lift of B. 14 daya and tht large vol~ of diatribution 
104.6 aq-equivalent&/L) in RICa indicate that txttndvt 
bindinq of · atrazint and ita attabolitta in RICa wart 
occurring. (Tht lift apan of a rat RBC it 4!5-56 daya), 
The author• •peculate that bincUnq of 14c-llbtl it of a 
covalent nature. 

152 



~1e 7 
Red Blood Cell L8Yel• or 14c-Tabel (IJlla) DurlD!J tbe Daaing Period and at sacririce 

(blbm baa ~e D) . 

no.. 1 M/kq 3 w/ka 7 ag{kq 10 wq/ka 50 wg{kq 100 wq{kq 

Rat t: R5062 R5063 R5064 R5065 R5066 R5067 R5068 R5069 R5070 R5071 R5072 R5073 
Hour or 
sacririca: 3 72 72 3 3 72 3 72 3 72 3 72 

• 

24 0.93 0.54 2.57 4.67 5.19 6.39 7.31 7.81 50.87 36.59 109.06 70.38 
48 1.48 1.27 4.29 8.48 12.82 14.17 20.72 15.88 124.35 87.00 234.05 190.48 
72 2.64 2.77 19.98 23.08 31.55 26.71 177.56 129.41 292.78 275.59 

---------------------------------------------------------------------------------------------------------96 3.51 2.76 21.47 22.01 26.65 30.38 39.07 37.59 225.49 160.46 474.56 305.37 
144 5.18 4.24 37.07 30.78 60.65 53.79 358.75 289.12 881.41 649.45 
192 6.61 5.04 23.44 11.63 43.78 50.05 63.84 63.85 415.80 362.30 695.14 529.04 

---------------------------------------------------------------------------------------------------------219 10.03 21.20 54.98 83.92 307.74 517.23 
240 5.98 18.57 51.45 85.63 324.18 551.40 
264 5.41 18.11 46.65 67.83 318.95 605.28 
288 5.34 18.50 50.77 41.26 271.48 611.42 

-
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Ti••u• cgncentrationt gf atrazint, Tht titiUI concentration• of 
atrazint and it• aetabolit•• wert ••a•urtd in ttlected ti••u•• 
from animal• killed at 3 and at 72 hourt (Table B). At all 
do111 1 ti11u1 levtlt of 14c-label are con1i1tently lower in all 
animalt killed 72 hourt after cettation of 14c-atrazine expoture, 
a finding that corroboratea the obtervld decline in platma 
concentration of 14c-label (Table 1). Tht liver had the highett 
tittue concentration of 14c-label, followed by the kidney, 
pituitary and ovary. The brain had the lowett ti11u1 
concentration in thia experiaent. In retpect to aakinq dote 
comparitont, tiatue level• of l~c-label were qenerally 
supralinear, i.e., the tittue level in ratt qiven 100 ~/kq l~c­
atrazine wa• qenerally 200 tiaet hiqher than that of rata qiven 1 
mq/kq 14c-atrazine. In aniaall 1acrificed at 72 hour•, the 
mammary tiltue:pla•ma concentration ratio at 1 aq/kq wa• 0.042 
and at 100 mq/kq wat 0,4g7 a difference that i• roughly 
proportional to the do•• of atra~ine. 
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20 

~~-· 'l't- Lllvala or ~4c-~a•l ((lila) at Sacr!Uoe 
(t.Jren ~ 'l'llbl.e ll) 

no- 1 Wlfkq 3 wr/W 7 wq{kq 10 J!!J!ka 50 wq{kg 100 w!kq 

Rat t: R5062 R5063 R5064 R5065 R5066 
Hour of 

R5067 R5068 R5069 R5070 R5071 R5072 R5073 

Sacrifice: 3 72 72 3 3 72 3 72 3 72 3 72 

... ~--·-· 
Liver 2.97 2.33 5.40 8.06 16.21 8.05 20.86 12.37 54.87 32.58 102.37 55.81 
Pituitary 1.18 0.50 1.67 3.54 7.32 3.24 9.36 4.49 36.91 18.18 71.68 33.90 
ovary 1.14 0.48 1.59 3.62 7.28 2.81 9.08 4.69 36.30 17.42 76.39 33.02 • 
---------------------------------------------------------------------------------------------------------Brain 0.39 0.24 0.90 1.57 3.~ .. 1.55 4.12 2.04 14.59 8.99 30.25 11.14 
Kidney 1.36 0.61 1.64 3.54 6.91 3.35 9.88 4.70 29.31 J.6. 73 78.64 26.13 

-------------------------------------------------------------------------------~-------------------------111-IJ::il:l: 
Pectoral 0.13 0.05 0.38 0.46 0.52 0.24 1.24 0.75 4.41 3.32 6.30 7.33 
:Inquinal 0.06 0.05 0.15 0.19 0.79 0.11 0.54 0.65 4.06 2.29 4.77 0.33 
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B. Tb• Mttabqli•• gf Atra•int 

'l'o -.xaaine the aetaboliaa of atrazine in lata, 100 
-w/k9 of l4c-atrazine waa qiven to rata and the l C-labaled 
aetabolitea were iaolated and identified. A recovery of 
103. 78t of the total radioactivity waa achieved. 'l'he 
urinary· route accouited for 47.4' of the eliaination 
wharaaa 4t.3' of the 4c-label waa eliainat•f via the fecal 
route. 'l'he tiaauea contained 5,75' of the 4l-label while 
the blood contained the r ... ininq 1,4, of the 4c-labal. 

rn yiyo aatabolill of atrazine. 'l'he aolecular atructur•• 
of the urinary aetabolitea obtained frt~~~ the firat qroup 
rata were unattainable, eo a aecond IJ.roup of a rata ware 
qiven l&.lB-lt.14 aqfkq l4c-atrazina. The aetabolitea were 
collected within the o to 24 hour tiae period after 
expoaura. 'l'he urine waa freeze dried. 'l'hen the 
aetabolitaa were diaaolvad in a ... 11 aaount of water that 
waa acidified with HCl to pH 3.0 and ••parated with an 
aaino acid analyzer (to detect tha aaino acid raaiduea of 
qlutathione) coupled with a cation exchanqa coluan. 

A total of lt radioactive peak& ware detected, three 
of which ware identified aa aatabolitea by coapariaon of 
the infrared and .... apactra. The identity of two other 
aetabolitea waa poatulated baaed on additional aaaa 
apectral inforaation. 'l'ha aolecular atructuraa of aoae of 
the atrazine .. tabolitea are ahown in Piqura 1 and tha 
nuabera in thia fiqura correapond to the .. tabolitea 
diacuaaed in the text, Bi9ht .. tabolitea were identified 
and· the aajor aetabolitaa are liated below: 

o 2-hydroxy-atrazina (7), 

o ~·2-hydroxy-4-aaino-&-iaopropylaaino-a-triazina (8), 

o 2-hydroxy-4-athylaaino-&-aaino-a-triazine (14), 
and 

o 2-hydroxy-4,&-diaaino-a-triazina (3). 

Tbe identification of tha .. jor .. tabolitea above indicate• 
that dechlorination of the tria&ine rinq and M-dealkylation 
are the .. jor -tabolic pathway• for atraline in rata, 
Becauae fo\ar other ainf'lr -tabolitaa that poaaeaa oaaqa­
carboxyl aoiatiaa were identified (5, 10, 11, 12), 
oxidation of the taninal .. thyl aoiatiaa in tha alkYl 
aubatituenta appear• to be a ainor and aecondary .. tabollc 
route. 

156 



f·G 0 r• •.. 't ..... , .. ':! 5 . 't".;,·.:!,il.) 

~ FRJM MRID NO, Ill 404313-06 
00671.8 

006718 

ABR-87115 
Paau 26 of 32 

FIGURE I. CHEMICAL NAMES AND STRUCTURES 

2 

s 

18 

I • .... 
Mlel lsi lsi 
's'lotll 

IIIII',, 1014--. 

II"*SO I I I 

" """" • llsl 

a111 Cll 
.... , WI .... 

17 

w•• 11••• • ret au 1 
' s ssL:&a a • 

II"*SO I ... Ws I .......... 

II,&SO I' 1 SiMla ......... 

.. Du $1 ..... 

IIUso 4 t I 
"let •••• •• 

157 



-
fGOn:;J .;,:~::035 

TAKEN FJOt MRID NO. 404313-06 

13 

• • 'tt • Jt .... 
p !( ••. 

0 ·---·- ~- • 

.... 
l'lll'elld 

I I • lled:e 

... . ':z"• 

A 
1.5 

A 
6 

9 

._ 
&1 II I I P' a 
all I 

• &+a I II Ell •• 

••• I'EIIQIII 
I¢1SO 0 t 

006718 A8IHI7ft5 
Paaa 27 of 32 

- . . ~-

.. ,A, .. =:=· ~=·:· .. =· :;• .. 
-~ 

0 ls ..... 
01301 DfJJa 

16 

~M" I ..... UJI&tll 

4 

a 

.... 

7 I 01 

19 158 

FIGURE I. CHEMICAL NAMES AND STRUCTURES (ContJ 



:n 006718 
In yitrg .,tabglita gt atra1inw, The author ot thit ttudy 
otter• the retulta of a pUblithed atudy on atra1ine 
aetaboli•• pertoraed by Dauteraan and Muecke (1974. 
Ptttigi4t ligch .. ittry and Phytiolgqy 4:212-219) in an 
effort to account tor the covalent bindin9 in RBCt, To the 
reviewer'• Jcnowled9e, the author ot thil ttudy did not 
perfora the work. 

Radiol.abeled atraline Wll incubated with rat liver 
aicrotoaet with or wi·thout the addition of the aetabolic 
cofactor•, 91utathione and NADPH. Six aetabolit11 were 
identified by chroutOCJraphy a9ain1l: l"'ynthetic •tandarda 
and are littld in fi911re 2. The pUblithed reaultt 
corroborate the tindin91 in the in ~ eXperiaent 
conducted by the re9iltrant that N-dealkylation 1a the 
aaj or aetabolic pathway. Alto, the iaopropyl •oiety 1a 
hydrolyled •ore eaaily than the ethyl aubatituent. 
Conju9ation with 9lutathione waa found to occur with aoat 
of the atra1ine aetabolitea previoualy diacutaed when 
cytoaolic cell traction• were included in the J.n yitrg 
reactiona. 

Cgyabnt; bindina in BDC•. The author ar9U11 that the 
9lutathione-containin9 •etabolitea of atra1ine are 
aetaboli&ed by a 11carbon-aultur lyaae" that cleave• the 
9lutathiona raaidue and produce• a thiol-containinq 
atraline •atabolite. The author further polit1 that the 
action ot the lyaaa r11ult1 in the covalent bindinq of 
thiol-containift9 atra1ina •atabolitae to h,.OCJlobin in the 
red blood call, a tindinq trow the aultipla doainq axpoaure 
atudiaa (depicted in Table 7). However, the author hat not 
ditcu11ed in thit atudy whether lya11 it pra11nt in red 
blood cella. 
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V, QIICQIIJOII 

The •u.aary data re9ardinq the di•tri~ution, aet~li•• and the eUaination of atraline were provided in thie report. To 
thi• end, three ••parate experi .. nt• were conducted with the u•• of three 9roup• of rat•. Radiol~eled atrazine (triazine rin9, 
uniforalr l~eled) wa• u•ed by the author to .. a.ure the di•po•it on of atraain• and/or it• .. tabolite• in the rat. The 
fir•t experiaent wa• perforaed to a••••• the di•tri~ution and elimination of atraaine in aale and f ... l• rat• repeatedly 
expo•ed to daily do••• of atradne. The ••cond experiunt w .. 
perforaed to a••••• in further detail the di•tribution of atraaine in f ... le rat•, ••pecially in the red ~lood cell. The third experiaent wa• conducted to identify the urinary 
meta~olit•• of atraline foraed ~Y the f ... l• rat. The 
a~•orption of atraaine in aale or feaale rat• wa• not reported. 
@•orption gf atruine in rat•. No data wa• provided in thie 
•UIIIIary report re9ardin9 the ~•orption of atraain• in rat•· 
Di•tribution gf Atrazine in rat•• The di•tribution of atraaine 
in rat• wa• found to be do•e-dependent and independent uf ••x. 
Of the tb•ue• •tudied, the red ~lood cell• atore the hi9h••t level• of atrazine, apparently throu9h the covalent bindin9 of a 
aet~olite. In rat• 9iven a •in9l• do•• of 100 119/kV atraaine, in decreaain9 order, the level• found in the following' ti••u•• 
were1 heart, •pleen, lun9, liver, kidney, brain, 9onad•, pituitary, au•cle, uteru•, ~ne, fat, and pla•aa. under the 
expo•ure re9iaen u•ed in thi• •tudy, atrazine doe• not accuaulate 
in the ti••u•• of the rat, except perhap• for the red blood cell. 

The pattern of tia•u• di•tribution of atraaine in rat• 
repeatedly expo•ed differ• froa that of rat• 9iven a ein9le 
expo•ure of atraaine. In rat• 9iven repeated daily oral do••• of 
1 •9'/k9' atraaine, in decrea•ift9 order, the level• found in the 
tollowin9 ti••u•• were• red blood cell•, liver, •pleen, kidney, lun9, heart, pituitary, ~rain, 90nad•• au•ole, ~ne, tat, and pla•aa. under the expoeure reqiun ueed in thie etudy, atraaine 
do•• not aoouaulate in the tieeu•• of the rat, except r.~ap• tor the red blOOd cell. The pattern of atraaine tieeue d atribution 
tor atradne in thie etudy ie eiailar to that found in rat• 
repeated expoeed to atraline <••• IIRID Hoe. 404313-04, 404313·05 and 404313-0t tor .ore detail). 

The dietribution of atraline wae reported to follow tiret• 
order kinetic•. Two aajor relationehip• are found1 (1) the Whole 
body half-life, or t112, and the volua• of di•tribution, or Vd, 
are ind•pandent of the do•• of atraline and ( 2) the pla•aa conc•ntration of atrazine or it• aetabolit•• are directly 
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propo=tional to the doae of atra•ine. Plaaaa concentration& of 
atraaine aeaaurad during and after atra1ine expoaure ahovad that 
the whole body half-life (t11a> of atraaine or ita .. tabolitaa ia 
38.6 houra (1.61 daya) in rita. Theae reportad finding& fUrther 
indicate that atradna doea not accuaulate under thia axpoaure 
re;iaan in tha rat. 

Aa aentionad above, the hitheat laval of atraaina waa found 
in the RIC. The aatiaatad halt-life of 8.14 daya in RBCa (aa 
cowpared to the whole body halt-life ot 1.61 daya) indicate& that 
axtanaiva bindin; of atradne or ita .. tabolitea in JUICa waa 
occurrin;. However, after ceaaation of au1tipla axpoaure, the 
concentration of atra1ina or ita .. tabo1itaa in JUICa declined at 
all doaea except for the hi;heat doae, 100 -v/k9 atraaine. 

lxc;ntign or ttru ina in rtt•. About Ut of the atralina 
a4ainiatered orally ia excreted within 7 daya after oeaaation of 
axpoaure, The route of atradn• excretion waa reported to be 
independent of the doaa and aex of rat. About 75t of the 
atra1ina ia excreted throuth the urinary route whareaa about aot 
of the atradne ia eliwinatad in the faoea. The aliaination 
route for the r ... ining St waa not reported. Alao, the level of 
atraaina eliaination by exhalation or through the akin (awaating) 
waa not reported. 

Kttabq1i•• gf atraain• in rata. The data reported in thia atudy 
indicate• that dechlorination of the tria1ina rio; and H­
daalkylation ara the aajor aetabolic pathway& for atralina in 
rata. Oxidation of the alkyl aubatituanta of atra1ine appear& to 
be a winor and aecondary aetabo1io route. 

The author arvu•• that a "carbon-aulfur lyaae," cl .. vaa the 
;lutathiona reaidue froa an atraaine .. tabolite to produce a 
thiol-oontainin; atraaina .. tabolite. The author fUrther poaita 
that the action of the lyaaa raaulta in the covalent bin4in; of 
the thiol-containint atraline .. tabolite to heao;lobin in the 
red blood call, a findin; froa the wultipla expoaure atU4iaa 
(depicted in Tabla 7). However, the author baa not provided 
evidence in thia atU4y whether lyaaa ia preaent in red blood 
calla. 

Snpuv. Tba whole body halt-life of l.Cil daya for atraline ia 
oonaiatent with the obaarvation that tst of tba a4ainiatared doaa 
ia aliaination witbin 7 daya after axpoaura. Tbe red calla atore 
the hitheat concentration of atralina in the rat, apparently 
through the covalent bindint of a aetabolita. 'Under the doaa 
reti .. n aaployad in thia atudy, atraaina doea not aocuwulata in 
the rat. 
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Clalfifis;ationa AooeptUlea Thb Clla••itication b b .. ecl 
on the fagt that the aethoclol09Y requir .. ent• e•tabli•hecl in the 
Pe•ticicle A••e•••ent Guideline•, Subclivbion F 115-l have been 
•ati•fied only for reportin9 (1) the identity of urinary 
aetabolite• of atraaine in f ... le rat• a• well a• (2) the 
di•tribution and excretion of atraaine in .. le ancl f ... le rat•• 
However, all of the data requir .. ent• for aet&boli•• •tuclie• •et 
forth in lubclivbion r 185-l have not been repc.rtecl, i.e., (a) 
the urinary ancl fecal aetal:tol.l.te• of atraaine in .. le rat• ancl 
(b) the fecal aetabolite• of atraaine in f ... le• au•t be 
iclentifiecl to Cloapletely •ati•fy the 185-1 clata reportinq 
requireaent• for the .. taboli•• of atraaine in the rat. 
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~TA EVALUATIOlf REPORT 

I, SJJJQWlX 1 

STYPY TYPE: Metaboli•m - rat (85-1) 
(and rabbit) 

ACCESSION HUMBER: 

CASWELL NO: 63 

M!IQ HO.: 404313-13 

TEST MATERIAL: Chemical Name Not Applicable 

SYNONXMS: Atrazine Metabolite• 

STYPX HUMBER: Not Applicable 

SPONSOR: CIBA-G!IGY Corp,, Aqricultural Divi•ion, P.O. Box 18300 
Green•boro, NC 27419 Thoma• Par•hley, Requlatory 
Speciali•t (919) 292-7100 X7207 

TESTING fACILITY: Max von Pettenkofer-In•titut Berlin, 
Deut•chland 

TITI.E OF RIPOR11 The Tran•foraation of Triazine Herbicide• in 
Animala. (Publi•hed Reference Information 
Supplemental to EPA Guideline 85-1.) 

AYTBORS : C. Boehme and F. Baer 

REPORT pYBLISHIQ IN 1 

CONCLUSIONS: 

Co•met. Toxicol. Volume 5, pp. 23-28 
(1967) 0 

Thia atudy waa aubmitted by the reqiatrant in reapon•• to 
the rereqiatration •tandarcl for atrazine. The aet&boliaa of 
atrazine, propazine, proaeton and prometryn in rata and rabbit• 
were reported in thia atudy tranalated froa a publiahed artJ.cle 
written in German. However, only the metaboliam of atrazine vaa 
hiqhliqhted in thia review. Nuaarou• urinary metabolite• of 
atrazine vera iaolated and identified in the rat and rabbit. The 
malor pathway of atrazine mataboliam i• N•dealkylation and 
ox dation of the alkyl aubatituanta appear• to be a ainor 
metabolic pathway. A cla••ification for thia atudy ia net 
applicable becauaa thia i• •upplemental information. 
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A. Teat Compound: Atrazine 

Description: Not provided in this report. 
Batch f: Not provided in this report. 
Purity: Not provided in this report. 

B. Teat Animals: 

Species: 
strain: 

Rata (male), rabbits <•ale) 
Rata - Albin~, Rabbits - not provided in this 

Aqe1 
Waiqht: 
source: 

report. 
Not provided in this report. 
Rata - 200-lOOq, Rabbits - 2-3kq 
Rata - Max von Pettenkofer-Inatitut Berlin, 

Deutschland 

IIJ:. S'l'QDY QUIGII 

A. flldinq Mi.x.ture: The rata and rabbits were allowed free 
acceaa to animal feed and tap water. Rata recieved a feed 
mixture that consisted of "700 q wheat yeast, 300 q whole 
milk powder, 350 ml water, 4 q dietary yeast and 10 q of a 
salt mixture." The rabbits received a diet of "boiled 
potatoes and beets." 

B. Posing Mtthodl Atrazine and the other herbicides ware 
qiven orally (via a atoaach tube) •• a eingle dose to the 
rata (50-200 ~/aniaal) and rabbits {600-1000 ~/aniaal) aa 
an active inqrldient. The vehicle waa peanut oil. 

There were no statistical proeldurea used in this 
study. 

D. Qutlit;y AlluriDQI: 

A siqned quality aaaurence atat .. ent w .. provided by a 
quality assurance inspector. AccorGinq to the atat...at, 
because the "OLPa are not in effect for the atudy con~ed 
in this voluae, certification of ca.pliance with Good 
Laboratory Practices ia not applicable." 
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IV. METBQDS MD RESULTS: 

A. Observations: The frequency of clinical obaervationa made 
on these rats was not provided in thia aummary repo~t. 

,.. 
Toxigity/mortality Cauryiyall rtaults: There were no 
treatment-related deaths reported in this study. 

EfP•rimtntal Protogol: This experiment was conducted to 
i~•nti~r ~~! ~trazine aetabolitea in rats and rabbits. The 
urinary metabolitea were collected for 72 houri after 
el'l!~~~te. ~~e followinq aethoda we':'e u11d to iaolate and 
identity the metabolite• of atrazine in the rats and 
rabbits: 

(1) isolaURn by thin layer chromatoqraphy, 

(2) characterization by ultraviolet or infrared 
spectra, 

(3) confirmation of molecular atructure by compariaon 
to synthetic standards. 

The orqanic cheaistry methods that deacribe tht syntheses 
of the standards are alae reported. 

The followinq aetabolitts of atrazint wert identified 
in the rat and rabbit: 

o 2-chloro-4,6-diaaino-a-triazine, 

o 2~chloro-4-aaino-6-iaopropylaaino-a•triazint, 

o 2-hydroxy-4-(2-carboxy)-ethylaaino-6-aaino-a­
triazine, and 

o 2-chloro-4-aaino-6-(3-carboxy)-iaopropylaaino-a-
trialine, 

Tht identification of the four aetabolitea above indicate• 
that K~dtalkylation is tho aajor attabolio pathway for 
atra1ine in rata and rabbita. ltcauae two atra1int 
att~litta that poaaeaa oae;a-carboxyl aoietiea ware 
identified, oxidation of tha terainal .,thyl aoietiea in 
the alkyl aubatituenta appear• to ~ a ainor or aecondary 
.. tabolic route in rata and rabbita. 

!_~.b 
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V, DISCQSSIQB: 

Thia atudy waa aubaitted by the reqiatrant in response 
to the rereqiatration atandard for atrazine. The 
metaboliaa of atrazine, propazine, proaeton and prometryn 
in rata and rabbit• were reported in thia atudy tranalated 
from a publiahed article written in Geraan. However, only 
the actaboliaa of atrazine waa hiqhliqhted in thia review. 
Numeroua urinary aetabolitea of atrazine were iaolated and 
identified in the rat and rabbit. The .. jor pathway of 
atrazine aetaboliaa ia N-dealkylation and oxidation of the 
alkyl aubatituent• appears to be a ainor aetabolic pathway. 
A claaaification for thia atudy ia not applicable because 
thia ia auppl .. ental inforaation. 
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7 . 1! //· 0067;1J3 Reviewed bya Sanford w. Biqelow, Ph.D. f.., ~~ 1/~'u 
Section VI, Toxicology Branch (TS-769C) · 
Secondary reviewer: Judith w. Hau•wirth, .o.~tu lf_ •• A ..... ~~L 
section VI, Toxicology Branch (TS-769C) p - - .,............../. 

!f/'lk rsf 
DATA BVAIDAT:O::OH RBPORT 

I • SJJIQIARX: 

STQQX TYPE: Metaboli•m - rat (85-1) C!SWJ!!LL NOI 63 

ACCISSXQK uyMBBR: MBID NO.: 404313-14 

3fpT KATERIAL: Atrazina 

SXNOHXMS: 2-Chloro-4-ethylamino-6-ieopropylamino•a•triazine 

STQQX HYMBER: Not Applicable 

SPONSOR: CIBA-GEIGY corp., Aqricultural Diviaion, P.o. Box 18300 
Greenaboro, NC 27419 Thoaaa Parahley, Requlatory 
Specialiat (919) 292•7100 X7207 

TESTING FACILITY: 

TITLE OF BE PORT I 

CIBA-GIIGY Corp., Aqricultural Divi•ion 
Baele, switzerland · 

In Vitro Metaboli•• of Atrazine by Rat Liver. 
Publiehed Reference Inforaation Suppl .. ental 
to EPA Guideline 85•1. 

AUTHOBS 1 W. c. Dauteraan and W. Muaclte 

RIPOBT PUBLISHJD Ill I 

CONCLUSIONS I 

Peaticide liocheaiatry and Phyaiology 
Voluae 4, pp. 212•219 (1974). 

Thia report ia a publiahed atudy on atrazina aetaboliaa 
parforaad by Dauteraan and Muaclta (1974. Pl•tigide lipgb,.ietry 
•n4 Pbyeio1gqy 41212•219). Thia atudy waa parforaed to atudy the 
J.D yU.rg aataboliaa of atralina in the rat in an effort to · 
aacartain which atrazina .. tabolite ia reaponaibla for covalent 
bindintJ in uca. 

Thia report of dapictinq thea• publiahed reaul ta llhow that 
lf•daalJtylation ia the aajor aetabolic pathway for atraaine 
utabolln in the rat when inveat19atld with the uae of J.D yitrg 
conditiona. Alao, the iaoprcpyl aaiety of atraaine ia bydrolyaed 
aore eaaily than the ethyl allbatituant. conjuvation with 
vlutathione waa found to occur with aoat of the atrazina 
utabolit•• when cytoaolic call fraction• were inclUded in the iD 
yitrg raactiona. 



• > ' •• • 

006718 

2 

Claeeifigation: Thi• report wa1 eubaitted ~Y the re;ietrant 
ae part of a packlqa in re1pon1e to the rereqi1tration •tandard 
for atrazine. Thil report con•titute• •uppl .. ental inforaation 
not required for the rereqi1tration of atrazine. 
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II. QTDitre: 

A. Tttt CgappUftd: 

3 

Atrazina (2-chloro-,-athylaaino-&­
i•opropylaaino-a-triazina) 

Daacription: Kot provide.'! in thie report. 
Batch t: Kot provided in thia report. 
Purity: Kot provided in thia report for the 

nonradiolabalad coapound. 
Radiolabalinq procedural 

All carbon• in the triazine •oiaty of atrazina ware 
replaced with carbon-1,. The apecific activity of the 
radiolabalad coapound waa 10.2 •icroCuriaa;~. A 
variety of radiolabalad atrazina .. tabolitaa were u•ad 
aa well. The purity of the radiolabaled teat coapound 
wa• reported to be ~ ttt aacartained by two different 
thin-layer chroaatoqraphy ayat .... 

B. Tilt Aft !walt: 

Rata (•ale) 
RAI 
Kot provided in thia atudy. 
l!I0-1701jJ 

Specieaz 
Strain I 
Agel 
Weiqht1 
source: CIBA-GBIGY Corp., Agricultural Diviaion, Baale, 

switzerland 

III. l'l'QQI PMtPI 

A. Aftiwal Alli!JN!1 ntl 

Since thia atudy waa an iD yitrg atudy, no do•inq of 
whole anillala were perfor:~~ed. Therefore, ani .. l aaaitnaent 
i• not applicable in thia •tudy. 

a. lt;a1;i•tiq•a 

Thera ware no atatiatical procedure• u•ed in thi• 
8tUdy. 

C. pyetit;y MIUCIDQII 

A •ivned quality a••uranoa •tata.ant wa• pravided by a 
quality a••uzoanoa inapector. Aocc.zo•Unt to tba •tataMnt, 
baoau•• the 11QLP8 are not ln affect for tba •tudy conducted 
ln tbla volu.a, aartlflaatlon of aa.pllanaa vltb Good 
Laboratory Practice• l• not appllaabla." 
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zv. MJWIODI MD Plf!J!I.T8: 

A. Tb• In Vitro Mttal:!olila of Atrozin•, 

Thia publiahe4 atu4y on atrazine aetaboliaa waa 
perforae4 ~Y Dauteraan an4 MUecke (1974. Peatigide 
Bioahtmiatry and Phyaiologr 4:212-219) in an effort to 
account for the covalent ~ n4ing in RBCa. 

The aethoc1a were reported aa auch, Ra4iolal:!eled 
atrazine waa incubated with rat liver aicroaoaea with or 
without the addition of the aetal:!olic cofactor•, 
glutathione and NADPH. six aatal:!olitea were identified ~Y 
chromatography againat aynthetic atan4ar4a. 

The publiahe4 reaulta ahow that N-dealkylation ia the 
aajor metabolic pathway. Alao, the iaopropyl aoiety of 
atrazina ia hydrolyzed aore eaaily than the ethyl 
aubatituant. Conjuqation with qlutathion• waa found to 
occur with aoat of the atrazine aetal:!olitea when cytoaolic 
cell fraction• were inclu4a4 in the in yitro reactiona. 
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V, DISCUSSION 

This report is a published study on atrazine 
meta~olism performed ~y Dauterman and Muecke (1974. 
Pesticide Blocb .. istry and Pbysiplpgy 4:212-219). This 
study was performed to study the in yitro met~olism of 
atrazine in the rat in an effort to ascertain which 
atrazine met~olite is responsi~le for covalent ~indinq in 
RBCs. 

This report of depictinq these published results show 
that N-dealkylation is the major met~olic pathway for 
atrazine met~olism in the rat when investiqated with the 
use of in yitrp conditions. Alao, the iaopropyl moiety of 
atrazine is hydrolyzed more eaaily than the ethyl 
subatituent. conjuqation with qlutathione waa found to 
occur with moat of the atrazine metabolite• when cytoaolic 
cell fraction• were included in the in yitrp reactions. 

Claatificatipn: Thia report waa •~itted ~y the 
reqiatrant 11 part of a packaqe in response to the 
rereqiatration standard for atrazine. Thia report 
conatitutea aupplemental information not required for the 
rereqistration of atrazine • 

• 
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Reviewecl by: Sanforcl W. Bi;elow, Ph.D. Al/r yi: J··~;"' 
Section VI, Toxicology Branch (TS-7&9C) 
seconclary reviewer: Juclith w. Hauawirth, h.D. G.......t-.t.._ tv ).4. 
Section VI, Toxicology Branch (TS•769C) (F ----- . ''<l.<.(.u...<.~, 

qfVY/~ 

DATA BVALUATIOJI RBPORT 

I. IQIIIABY: 

STUDY TYPE: Metaboliam - rat (85•1) 

ACCESSION BUMBEB: 

CASQLL HOI 63 

MBID HQ.: 404313-15 

TEST MATERIAL: Chemical Name Hot Applicable (Varioua a-
Triazine•) . 

SXHQHXMS: Atrazine ancl Other a-Triazine Metabolite• 

STUDY HUMBER: Hot Applicable 

SPQNSQR: CIBA-GEIGY Corp., Aqricultural Diviaion, P.O. Box 18300 
Greenaboro, HC 27419 Thoma• Parahley, Re;ulatory 
specialiat (919) 292-7100 X7207 

TESTING fACILITXz 

TITLE OF REPORT: 

CIBA•GEIGX Corp., A;ricultural Diviaion 
Iaale, switzerland ancl Laboratoriua fuer 
Biocheaie I, Eiclqenoaaiache Techniache 
Hochachule, 8092 zurich, switzerland. 

The linclinq of a-Triazine Metabolitea to 
Rodent H .. oqlobina Appear• Irrelevant to 
Other Speoiea. (Publiahecl Reference 
Inforaation Suppl .. ental to EPA 
Guicleline 85•1.) 

AUTBOBS: H. Haaboeok, R.w. Piacher, E.E. Diiorio, ancl K.H. 
Winterhalter. 

QPOU PPIWIQQ tla 

COlfCLllSIOQI 

Molecular Pharaacoloqy Voluae 20, pp. 
571•514 (ltll). 

The covalent bindin9 of a variety of a-triazine .. tabolitea 
to he•oqlobin in a nuaber of apaoiea waa atuc:liad. The reaulta 
re;ard~n; atraaine are hi;hli9htad in thia review. 
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The relative laval of covalent bindinq of atrazina to 
hamoqlobin was lower when compared to moat of the other a­
triazine metabolites. The laval of covalent bindinq, in 
dacraaainq order, of the atrazina metabolite to hem09lobin amonq 
the followinq animal species waa1 rat > guinea piq > d09 > cow > 
mouse > human or sheep > piq. 

Only the beta chain of hamoqlobin was reported to covalently 
bind all of the a-triazine metabolites. The specific amino acid, 
the bata-125 cysteine (Cya-125), of ham09lobin waa studied with 
aimatryn sulfoxide only, therefore, the only raaulta ataaminq 
:~rom this amino acid analysis deal with aimatryn sulfoxide and 
not atrazina. The authors report that cya-125 raaidaa on the 
outer surface of hamoqlobin in the rat and guinea piq, however, 
the ataraochamiatry of human hamoqlobin was not diacuaaad. 

Claaaifigationz This report waa submitted by the raqiatrant 
aa part of a paokaqe in response to the rareqiatration standard 
for atra~ina. Thia report constitutes auppl .. antal information 
not required for the reraqiatration of atrazina. 
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II. uorpuraa 

A, Ttlt CoapQUnd l 

Deaoription: Not provided in thia atudy, 
Not provided in thia atudy, 
Not provi4e4 in thia atu4y. 

Batch t: 
Purity: 

B. Tttt Aniaal1: 

Spaoiaa: 

Strain: 
Aqaa 
waiqht: 
Source: 

Rat, aouaa, quinaa piq, huaan, ahaap, cow, 
piq, an4 chicken. 

Not reported in thia atudy. 
Not raporta4 in thia atudy. 
Not raporta4 in thia atudy. 
Shaap, cova, an4 piqa ware froa a 

alauqhtarhouaa. 

III. S'l'QDX DUIGII 

A, Aftiwal Attiqpatntl 

Since thia atudy waa an in yitrp atu4y, no 4oainq of 
whole aniaala ware parforaad. Tharafora, aniaal aaaiqnaant 
ia not applioabla in thia atu4y, 

B. Statittiq•: 

Thera ware no atatiatioal proca4uraa uaa4 in thia 
atu4y. 

c. pualit;y M•urJJUHtt 

A Jiqnad quality aaauranoa atat ... nt waa provided by a 
quality aaauranoa inapaotor. Aocor4inq to tha atataaant, 
baoauaa the •GLPa ara not in affect for tha atu4y oon4ucta4 
in thia voluaa, oartifioation of ooaplianca with Good 
LabOratory Practice• ia not applicable.• 
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IV. ptaops AID ! 11pLTS: 

The covalent binding of a variety of a-triazine 
matabolitaa to hamoqlobin in a number of apeciea waa 
atudied. The following a-triazine herbicide• ware atudiad: 
aimetryn, aimetryn aulfoxide, deaaethylaimetryn, aaetryn, 
ametryn aulfoxide, dimethametryn, dipropetryn, aiaazine and 
atrazina. The reaulta regarding atrazine are highlighted 
in thia review. 

Blood waa obtained froa the following aniaal apaciea: 
rat, aouae, guinea pig, huaan, aheep, cow, pig, and 
chicken. The rad blood cella froa each apeciaa ware 
aeparated and lyaed to yield heaoqlobin. Tha rat liver 
aicroaoaal oxidation product• (metabolite•) of tha above a­
triazine caapounda ware allowed to react with the 
haaoqlobin froa each apeciea. After the reaction had 
taken place, tha (1) overall laval of covalent binding of 
a-triazine aetabolite to h .. oqlobin waa aaaaurad and (2) 
the apecific aaino acid reaidue in h .. oqlobin which 
covalently bound the a-triazine aetabolite waa identified. 

The relative laval of covalent binding of atrazina to 
heaoqlobin waa lower when compared to aoat of the other a­
triazine aetabolitea. The level ·Of atrazine aetabolite 
covalent binding to heaoqlobin, in dacraaaing order, among 
tha following apaciaa waa1 rat > quinaa piq > doq > cow > 
mouae > huaan or aheep > pig. 

Only tha beta chain of heaoqlobin waa r~portad to 
covalently bind all of the a-triazine ••t~bolitea. The 
apecific aaino acid1 the beta-125 cyatein' feya-125), of 
huoqlobin waa atud1ed with aiaetryn aulto.c de only, 
therefore, the only reaulta at ... ing froa thia aaino acid 
analyaia deal with ai .. tryn aulfoxide and not atra1ine. 
The author• report that Cya-125 reaidea on the outer 
aurface of heaoqlobin in the rat and guinea pig, however, 
the atereochuiatry of huaan heaoqlobin waa not diacuaaed. 
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V. p:rSCQSSJOI: 

The covalent Dindinq of a variety of •-triazine 
metabolite• to hemoqloDin in a number of apeciea waa 
atudiad. The raaulta regarding atrazine are highlighted in 
thia review. 

The relative laval of covalent binding of atrazin• to 
hemoqloDin waa lower when coaparad to moat of the other •­
triazine aet&Dolit••· The laval of covalent binding, in 
decreaaing order, of tha atrazina metabolite to haaoqlobin 
aaong the following animal apeoiaa waa1 rat > quinaa piq > 
doq > cow > mouaa > human or aheep > pig. 

Only the Data chain of haaoqloDin waa reported to 
covalently bind all of the •-triazine aataDolitaa. The 
apacific aaino acid, the Deta-12!5 cyataine (cya-125), of 
haaoqloDin waa atudiad with aiaetryn aulfoxida only, 
therefore, the only raaulta ate .. inq froa thia aaino acid 
analyaia deal with aiaatryn aulfoxida and not atrazine. 
The author• raport that Cya-125 raaidaa on the outer 
aurface of heaoqloDin in tha rat and quinaa piq, however, 
the atareochaaiatry of huaan haaoqloDin waa not diacuaaed. 

Cl•••ificatign: Thia report waa aubaittad DY the 
reqiatrant aa part of a package in reaponaa to the 
raraqiatration atandard for atrazina. Thia report 
conatitutaa aupplaaantal information not required for the 
rareqiatration of atrazine. 
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DATA EVAWATIOK REPORT 

I. StlJQCARYI 

STQOX TYPE: Mataboliam - rat (85-1) CMWJLL HOI 63 

ACCESSION NQMBERI MBID NO.: 404313-12 

TEST MATERIAL: Chemical Nama Hot Applicable 

SYNONXMS: Propaz!na ancl Promatona Matabolitaa 

STQPY NQMBIR: Hot Applicable 

SPQNSOR: CIBA-GEIGY Corp., Agricultural Diviaion, P.O. Box 18300 
Graanaboro, NC 27419 Thoma• Parahlay, Regulatory 
Spacialiat (919) 292-7100 X7207 

TESTING FACILITY: 

TITLE OF REPORT: 

USDA, ARB, Mataboliam and Radiation Research 
Lab, Farqo, NO 58102. 

Mataboliam of 2-Chloro-4.6-
bia(iaopropylamino)-a-triazina (Propazine) 
ancl 2-Mathyl-4,6-bia(iaopropylamino)-a­
triazina (Promatona) in the Rat. Balance 
study and Urinary Metabolite Separation. 
(Publiahacl Rafaranca Information supplemental 
to EPA Guideline 85-1,) 

AUTHQRS: J.E 1 Bakke, J.D. Robbin•, ancl N.J. Fail 

REPORT PUILtiHJp IH 1 

CQHCLUIIQIII 

Journal of Aqric~ltural ancl Food 
Chaaiatry Volume 15, pp. 628•631 
(1967). 

Thia atucly 1raa autmittacl by the r•IJiatran:.. in raaponaa to 
the rar&~Jiatration atanclard for atraaine. However, thia atucly 
cloea not report the aetaboliaa of atrazina. Becauaa thia atucly 
involve• the aetaboliaa of propaaine ancl proaetone ancl not 
atraaina, thia atuclr 1• of little uaa in avaluatinv the 
aetaboliaa of atraa ne in the rat. A claaaification for thia 
atucly ia not ap~licabla bacauae thia ia auppl .. ental information 
not required for the rer&~Jiatration of atraaina. 
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A. Test compounda: Propazine and prometone 

Description: Not provided in this study. 
Bat~h •= Not provi~ad in this study. 
Purity: Not prQvided in this report tor the 

nonradiolabeled compound. 
Radiolabeling procedure: 

The carbons in the isopropyl moiety of atrazine were 
replaced with carbon-14. The specific activity of 
radiolabeled propazine was 9.33 microcuriejmq. The 
specific activity of radiolabeled prometone was 9.33 
microcurie;mq. The purity of either radiolabelad test 
compound was not reported. 

B. Test Aoimols: 

Species: 
Strain: 
Aqa: 
Weiqht: 
Source: 

Rat (males) 
Spraqua-Dawlay 
Not provided in this study. 
Not provided in thi• study, 
Delmar Scientific Laboratories, Chicago, IL 

III. STQDY QBSIQK: 

A. Animal Assiqpaantl Animals vera individu,lly assigned to a 
metabolism cage once the test compound was adainistarad. 

B. Feeding Mixture: 
access to animal 
water. 

The rats and rabbits ware allowed frat 
feed (brand nama not specified) and tap 

c. Posing Mtthodl Propazina vas given orally (via a stomach 
tuba) as a single dose (1-~ microcurie/rat) to tht rats 
(41•56 mgjkq) as an active inqradiant. Proaetone vas 
qivan orally (via a stomach tUbe) •• a sinqlt dose (0.75 
microcurie/rat) to the rats (20.8-25.3 mqjkq) •• an active 
inqrldiant. Corn oil vas used as a vehicle. The stability 
of tht compounds were not affected by heating in corn oil 
as corroborated by ultraviolet and infrared spectroscopy, 
qas chromatography and thin layer chromatoqraphy, · 

Thera were no statistical procedures used in this 
study. 

178 



006718 
3 

E. Quality Assurance: 

A signed quality assurance atat .. ent was provided by a 
quality assurance inspector. According to the statement, 
because the "GLP• are not in effsct for the study conducted 
in this volume, certification of compliance with Good 
Laboratory Practices is not applicable." 

IV. ICBTIIODS AJII) RISQLTS: 

A. obaeryationa: The frequency of clinical observations made 
on these rata was not provided in this summary report. 

Toxicity/mortality cauryiyall reaulta: There were no 
treatment-related deaths reported in this study. 

B. Experimental Protgcgl: Thia experiaent waa conducted to 
iaolate the propazine and proaetone aetabolitea produced 
in rata. The urinary and fecal aetabolitea were collected 
tor 72 hours after exposure. The expired air of the rata 
was aonitor.ed for radioactivity. TVo aethoda were uaed to 
isolate the aetabolitea of propazine and proaetone in rata, 
ion exchanqe column chroaatoqraphy and amino acid analyaia. 

The excretion of proaetone and propazine was aoat 
rapid within 24 hours after adainiatration and diainiahed 
to trace levels at 72 houra. All of the radioactive 
proaetone was recovered whereas 94.3t of the propazine was 
recovered. No radioactivity waa found in the expired air 
of the rata. All of the proaetone was excreted in the 
urine (9l.lt and feces (9,lt) within 72 hours after 
exposure. ~opazine was excreted alower than proaetone, 
at 72 hours, 55.8t waa found in the urine and 23.t wae 
found in the fecee. At 12 days after propazine expoaure, 
urine had 72.5t, fecea had 15.&t, hide and hair had 3.35t, 
carcaaa had 2.22t and the viscera had O.lt. Propazine ia 
eliainated •.ore slowly than prometone, 

Ion exchanqe chromatoqraphy technique• were uaed to 
detect 11 aetabolites for prometone and 18 aetabolitee for 
propaline. None of the atructurea of the proaetone and 
propazine aetabolitea were identified. 

The findinqa in thia atudy indicate that N­
dealkylation aay be the aajor aetabolic pathway for 
propazine and proaetone in rata. 
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V. DtSCQSStOH: 

This study was sUbmitted by the reqietrant in response 
to the rereqistration etandard for atrazine. However, this 
study doe• not report the metabolisa of atrazine. Because 
thi• study involves the metaboliem of propazine and 
prometone and not atrazine, this etudy is ot little use in 
evaluatinq the metabolism of atrazine in the rat. A 
classification for this study is not applicable because 
this is supplemental information not required for the 
rereqietration of atrazine. 
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DATA EVALUATIOH RBPOR'r 

l: • SIJJDWtY: 

STUPX TYPE: Metabolism - rat (85-1) 

ACCESSION NQMBER: 

CASWJLL NO: 63 

MBIP NO.: 404313-16 

TEST MAtERIAL: Chemical Name Not Applicable 

SYNONXMS: 2-Chloro-H-isopropylacetanilide (Propaohlo~) 

STQPX NQMBER: Not Applicable 

SPQNSOR: CIBA-GEIGY Corp., Aqricultural Diviaion, P.O. Box 18300 
Greeneboro, NC 27419 Thoaae Parehley, Requlatory 
Specialiet (919) 292-7100 X7207 

TiTLE OF RIPOR'l': 

USDA, ARS, Metabolie• and Radiation Reeearch 
Lab, Parqo, ND 58105 

Metaboliea of Mercapturic Acid-Pathway 
Metabolite• of 2-Chloro-H-
iaopropylacetanilide (Propachlor) by 
Gaatrointeatinal Bacteria. (Publiahed 
Reference Inforaation suppleaental to EPA 
Guideline 85-l.) 

AuTHORS I G. t. t.areen and J, E, la)C)Ce 

REPORT PQBLISHEP IH: 

CONCLUSIONS: 

Xenobiotica Volume 13, Iaeue No. 2, pp. 
115-1215 (1983). 

Thie report eUbaitted by the reqietrant in reaponae to the 
rereqiatration atandard for atra1ine. Thia report ia a pul:lliehed 
etudy that ehowe the qaatrointeatinal bacteria of the pi9 
poaaeeeee lyaae en1yae. Becauae thie atudy involve• the 
metaboliaa of 2-chloro-H-ieopropyl-acetanilide (propachlor) and 
not atra1ine, thie atudy ia of little uae in evaluatinq the 
metaboliaa ot atra1ine or even ita thiol•containinq aetabolitee 
in the rat. Thia report conatitutea auppleaental intoraation not 
required tor the rereqietration of atra1ine. 

PClfreportajatraaetb.Ol4 
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DATA EVALUATION REPORT 

I. SUJIIIARY: 

STYDX TIEl: Metabolism - rat (85-1) CASHELL NO: 63 

ACCESSION NUMBER: MBIP NO.: 404313-17 

TEST HATERIAL: Chemical Name Not Applicable 

SYNONYMS: 

STQQX NUMBER: Not Applicable 

SPQNSOR: CIBA-GEIGX Corp., Aqricultural Division, P.O. Box 18300 
Greensboro, NC 27419 Thomas Parahley, Requlatory 
Specialist (919) 292-7100 X7207 

TESTING FACILITX: 

TITLij OF BIPQBT: 

AUTHOR: L.J. Roth 

REPORT PUit.tsgp IN: 

CONCWSIONSI 

Univ. of Chicaqo, Dept. ot Pharmacoloqy, 
Chicaqo, IL 

Metaboli•• caqe tor Rata. (PUblished 
Reference Information Supplaaantal to IPA 
Guideline 85-1.) 

Nucleonics p. 104 (1956). 

The report submitted by the raqistrant is a published 
article that describes the deaiqn of a metabolism caqa. This 
caqa allows the invastiqator to collect the urine, faces and the 
expired air of the aniaal. This mataboli•• caqa may have bean 
used by the raqiatrant (or its subcontractors) to study the 
diatrbution, aataboliaa, and excretion ot atrazina, but this is a 
presumption, 

PC1/reports;atraaatb.Ol6 
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